





















































































7KLV SDSHU DQDO\VHG DQG VXPPDULVHG WKH VLJQLILFDQW UHVHDUFK RXWSXWV SXEOLVKHG RQ WKH HQYLURQPHQWDO
LPSDFWDVVHVVPHQWRIPLQLQJDQGPLQHUDOSURFHVVLQJLQGXVWULHVWKURXJKOLIHF\FOHDVVHVVPHQW7KHSDSHU
SUHVHQWVYDOXDEOH LQVLJKWV LQ LGHQWLI\LQJ WKHJDSVZKHUHVKRXOGWKHIRFXVEHLQWKHPLQLQJ DQGPLQHUDO
SURFHVVLQJ LQGXVWULHVIRUDVXVWDLQDEOHIXWXUH0LQLQJDQGPLQHUDO SURFHVVLQJ LQGXVWULHVKDVEHHQWKHNH\
IRFXV RI UHVHDUFK LQ PDQ\ FRXQWULHV GXH WR LWV LQFUHDVLQJ VXVWDLQDELOLW\ FRQFHUQV WKDW DIIHFWV JOREDO





/&$ LV D ZHOO MXVWLILHG DSSURDFK DPRQJ WKH SUDFWLWLRQHUV DQG UHVHDUFKHUV 7KRXJK VWDWH RI WKH DUW
WHFKQRORJLFDOWRROVDQGUHVRXUFHVDUHEHLQJXVHGQRZDGD\VWKHUHLVVWLOO D UHVHDUFKJDSLQLGHQWLI\LQJWKH












UROH LQ VXVWDLQDEOH HFRQRPLF GHYHORSPHQW DQG RYHUDOO *'3 JURZWK 7R NHHS SDFH ZLWK WKH JURZLQJ
GHPDQGRIWKHVXVWDLQDEOHZRUOG:RUOG(FRQRPLF)RUXPLV DLPLQJWRPDNHWKHPLQLQJZRUOGVXVWDLQDEOH
E\7KHUHDUHDIHZJRDOVZKLFKVKRXOGEHDFKLHYHG DQGVHYHUDOLQGXVWULDOPLQLQJJRYHUQLQJERGLHV
DUHZRUNLQJ WR VHWWOH WKRVH JRDOV 7KHVH DUH GULYHUV RI FKDQJH WUDQVLWLRQDO DUHDV UHVRXUFH VFHQDULR LQ
IXWXUH DQG DFWLRQ SODQV 7KH GULYHUV RI FKDQJH FDQ EH FODVVLILHG LQWR ILYH W\SHV HQYLURQPHQWDO
WHFKQRORJLFDO VRFLHWDOJHRSROLWLFDO DQGJHRJUDSKLF IRU WKHJURZLQJQHHG LQ WKHHQYLURQPHQWDOHIIHFW¶V
PDQDJHPHQWLQWKHILHOGRIFOLPDWHFKDQJHELRGLYHUVLW\DQGZDWHU:RUOGHFRQRPLFIRUXPDOVRRXWOLQHG
WKH NH\PLQLQJ DQGPLQHUDO VHFWRUVZKLFK DUH FUXFLDO IRU VHWWLQJ WKH VXVWDLQDEOH GHYHORSPHQW JRDO E\





































































DQG LWV FRQVHTXHQFHV DUH DOVR LQFUHDVLQJ H[SRQHQWLDOO\ 6XVWDLQDEOH GHYHORSPHQW PHDQW WR DQ DFFRUG
EHWZHHQHFRQRPLF DFWLYLW\DQGHQYLURQPHQWDOFRQFHUQV7KHJRDORIVXVWDLQDEOHGHYHORSPHQWLQPLQLQJ
LQGXVWULHV LV WRLQFUHDVHPHWDO SURGXFWLRQLQ VXFKDZD\WKDW LWVKRXOGDVFHUWDLQ WKHFRVWDQGHIILFLHQF\
ZLWKRXWVLJQLILFDQWO\UHGXFLQJWKHSRWHQWLDOIRUIXWXUHJHQHUDWLRQ7KHILUVWVWHSWRDFKLHYHWKLVJRDO LVWR
DVVHVV WKHHQYLURQPHQWDO LPSDFWVFDXVHGE\ WKHPLQLQJ LQGXVWULHV IRUFXUUHQWSUDFWLFHVDQG LGHQWLI\ WKH
ZD\V WR UHGXFH WKH HQYLURQPHQWDO HIIHFWV ZLWKRXW FRPSURPLVLQJ WKH SURGXFWLRQ $FFRUGLQJ WR
,QWHUQDWLRQDO&RXQFLORQ0LQLQJDQG0HWDOVWKHUHDUHWHQSULQFLSDOV RIZKLFKWZRDUHGLUHFWO\UHODWHG WR
FOLPDWH FKDQJH ZDWHU DQG ELRGLYHUVLW\ ± WKH FRQVLGHUDWLRQV RI HQYLURQPHQWDO VLGH RI VXVWDLQDEOH
GHYHORSPHQW $FFRUGLQJ WR SULQFLSOH QXPEHU VL[ FRQWLQXRXV LPSURYHPHQW VKRXOG EH SXUVXHG LQ
HQYLURQPHQWDO LVVXHV OLNHZDWHU FOLPDWHFKDQJH DQGHQHUJ\XVH *RUPDQDQG']RPEDN0XGG
7RVWHWDO
2Q WKH VXEMHFW RI WKH HQYLURQPHQWDO LPSDFWV RI PLQLQJ DQG PLQHUDO SURFHVVLQJ LW FDQ EH JHQHUDOO\
FODVVLILHG DVZDVWHPDQDJHPHQWDFLGPLQHGUDLQDJHVHGLPHQWDWLRQPHWDOVGHSRVLWLRQDQGELRGLYHUVLW\
7KHSURFHVVHVSURGXFHFRQVLGHUDEOHDPRXQWRIZDVWHRXWSXWVZKLFKGHSHQGVRQWKHW\SHRIPLQHUDOWREH
PLQHG DQG W\SHRIRUHGHSRVLW ,W LVYHU\FKDOOHQJLQJ WRGLVSRVH RI VXFKD ODUJHDPRXQWRIZDVWHV IURP
PLQLQJ DQG PLQHUDO SURFHVVLQJ ZKLFK LV GHWULPHQWDO IRU DTXDWLF HQYLURQPHQW DQG HFRV\VWHPV :DWHU
SROOXWLRQ IURP PLQLQJ ZDVWHV FDXVHV DFLG PLQH GUDLQDJH VHGLPHQWDWLRQ DQG GHSRVLWLRQ RI PHWDOV
(URVLRQWKURXJKZDVWHURFNSLOHVDQGUXQRIIDIWHUUDLQIDOOLQFUHDVHVWKHVHGLPHQWDWLRQ$FLGPLQHGUDLQDJH
LV DQRWKHU W\SH RI VHULRXV HQYLURQPHQWDO LPSDFWV IURP PLQLQJ ZKLFK RFFXUV IURP VXOILGLF PLQHUDOV
&RQWDPLQDWLRQRIDFLGLFZDWHURQVXUIDFHDQGJURXQGZDWHUUHVRXUFHVWKUHDWHQVWKHDTXDWLFOLIHDQGSODQWV
0HWDOVDQGUHDJHQWVXVHGIRUSURFHVVLQJWKHVLJQLILFDQWDPRXQWRIPLQHUDOVDUHDOVRJHWVUHOHDVHGLQWRWKH
HQYLURQPHQWV JHWV PL[HG DQG WKUHDWHQV WKH OLIH RI DTXDWLFV DQG SODQWV 5HPRYLQJ WKH SODQWV DQG
YHJHWDEOHVIURPWKHRUHPLQLQJDUHDUHVXOWVLQGHIRUHVWDWLRQ WKUHDWHQVWKHVWUXFWXUHRIWKHVSHFLHVZKLFKLV
DIIHFWLQJ WKH ELRGLYHUVLW\ &RUWH]/XJR HW DO  )XJLHO HW DO  ,QWHUQDWLRQDO ,QVWLWXWH IRU
(QYLURQPHQWDQG'HYHORSPHQW
7KRXJK WKHGHJUHH RIWKHVHHQYLURQPHQWDO LPSDFWVYDULHV IURPRQHPLQH WRDQRWKHU IURPRQHPHWDO WR
DQRWKHUPHWDODQGFRUUHODWHVZLWKWKHYROXPHRISURGXFWLRQWKHQHHGIRUGHWHUPLQLQJDQGTXDQWLI\LQJ WKH
HIIHFWV FDXVHGE\ WKHVHFWRULVLQHYLWDEOH WRLGHQWLI\WKHNH\SURFHVVHVPDWHULDOVZKLFKDUHDFFRXQWDEOH
IRUPDMRUHQYLURQPHQWDOHPLVVLRQVDQGLPSDFWV)RUH[DPSOHWKHNH\SURFHVVHVDUHSRZHUSODQWVXVHGIRU
HOHFWULFLW\JHQHUDWLRQGLHVHOXVHGIRUSURFHVVKHDWJHQHUDWLRQ EODVWLQJ SURFHVVRU WKHRUHPLQLQJ 6+




$IWHUFRPEXVWLRQIRVVLOIXHOJHQHUDWHVFDUERQGLR[LGHVQLWURXVR[LGHVVXOSKXU GLR[LGHV DQG SURGXFHV
IO\ DVKHVZKLFK DUH SROOXWLQJ WKH HQYLURQPHQW'XH WR WKH LQFUHDVLQJ GHPDQG IRU JOREDO GHYHORSPHQW
PHWDO H[SORUDWLRQ LV JRLQJ LQWR GHHSHU RI WKH VXUIDFHZKLFK DOVR UHTXLUHV KHDY\ HTXLSPHQW WR H[WUDFW
ORZHU JUDGH RUH PLQHUDOV 7KHVH ORZHU JUDGH PHWDO H[WUDFWLRQV DOVR GHPDQG KLJKHU FRQVXPSWLRQ RI
HOHFWULFLW\IRUPRUHHTXLSPHQWLQXVH +RZHYHULQFUHDVHG HQYLURQPHQWDOHPLVVLRQVKRXOGEHGLYHUVLILHG




7KHOLIHF\FOHDVVHVVPHQW/&$ UHVXOWVYDU\ IURPRQHVWDQGDUGLVHG /&$PHWKRG WRDQRWKHU IURPRQH
VLPXODWLRQ VRIWZDUH WR DQRWKHU DQG IURPRQHPLQLQJPHWDO WR DQRWKHU'HVSLWH DOO WKH NH\ IDFWRUV WKH
OLDEOH SURFHVVHV FUXFLDO IRU HQYLURQPHQWDO HPLVVLRQ IRU HDFK PHWDO LV IL[HG LUUHVSHFWLYH RI WKH
TXDQWLILFDWLRQRIUHVXOWV7KLVVWDWHPHQW LVYDOLGDWHGXVLQJ WKHUHYLHZSUHVHQWHG LQ WKLVSDSHU7KHPDLQ


































































SURFHVVHVWRILOOWKHNQRZOHGJHJDSVLQPDMRUPLQLQJ DQGPLQHUDO SURFHVVHVDQGPDWHULDOVDFFRXQWDEOH IRU
HQYLURQPHQWDOLPSDFWVIURPPLQLQJHQYLURQPHQWDOFDWHJRULHVWREHDIIHFWHGTXDQWLW\RIHPLVVLRQVDQG
VXJJHVWDOWHUQDWLYHVWR UHGXFHWKHHQYLURQPHQWDOLPSDFWVIURPWKHPLQLQJSURFHVVHV6HFWLRQ GHVFULEHV
WKHPDWHULDOVDQGPHWKRGVXWLOLVHG LQWKLVUHYLHZZRUN6HFWLRQ GHVFULEHVWKH/&$PHWKRGV XVHGIRUOLIH
F\FOHDVVHVVPHQWVWXGLHV LQPLQLQJDQGPLQHUDOV LQGXVWULHV6HFWLRQ  FRPSUHKHQVLYHO\FDWHJRULVHV DQG
GHVFULEHV WKH /&$ZRUNV RIPLQHUDOV DQGPLQLQJ LQGXVWULHV6HFWLRQ  FRPSDUHV DQG VXPPDULVHV WKH
PDMRUPDWHULDOVSURFHVVHVUHVSRQVLEOHIRUHQYLURQPHQWDOHPLVVLRQVIURPWKHPLQLQJLQGXVWULHV GHVFULEHV
WKH UHVHDUFK JDSV DQG IXWXUH VFRSH WLOO WR GDWH LQ WKH /&$ UHVHDUFK DUHD LQ UHODWLRQ ZLWK PLQLQJ DQG
PLQHUDO SURFHVVLQJ LQGXVWULHV )LQDOO\ WKH SDSHU ILQLVKHV LQ 6HFWLRQ  E\ SURYLGLQJ VRPH FRQFOXGLQJ
UHPDUNV
 0DWHULDOVDQG0HWKRGV
$VWKH ILUVW VWHSRIWKLVV\VWHPDWLFUHYLHZWKHUHOHYDQWDQGVLJQLILFDQWUHVHDUFKRXWSXWV DQGWKHSXEOLVKHG
DUWLFOHV DUH VRUWHG DQG FODVVLILHG DV SDUW RI WKH PDWHULDO FROOHFWLRQ SURFHVV ,Q WRWDO IRUW\ DUWLFOHV DUH
H[FOXVLYHO\ VHOHFWHG ZKLFK DUH IRFXVHG RQ WKH /&$ RQ PLQLQJ LQGXVWULHV $PRQJ ZKLFK PRVW RI WKH
SDSHUVZHUHSXEOLVKHG LQ-RXUQDORI&OHDQHU3URGXFWLRQ,QWHUQDWLRQDO-RXUQDORI/LIH&\FOH$VVHVVPHQW
6FLHQFH RI WKH 7RWDO (QYLURQPHQW 5HVRXUFHV &RQVHUYDWLRQ DQG 5HF\FOLQJ -RXUQDO RI (QYLURQPHQWDO
0DQDJHPHQWDQG-RXUQDORI6XVWDLQDEOH0LQLQJ7KHVHSDSHUVDUHFODVVLILHGEDVHGRQWKHW\SHRIPHWDO
PLQLQJ LQGXVWU\XQGHUFRQVLGHUDWLRQ2YHUDOO VL[WHHQ PLQLQJSURFHVVHVZHUH ULJRURXVO\ VWXGLHG WKURXJK
OLIHF\FOHDVVHVVPHQW7KRVHDUHDOXPLQLXPSDSHUVFRSSHUSDSHUVFRDOSDSHUVJROGSDSHUV




FRPSUHKHQVLYH OLWHUDWXUH UHYLHZ 7KLV VWHS FDQ EH WHUPHG DV D FRPSUHKHQVLYH DQDO\VLV RI WKH H[LVWLQJ
OLWHUDWXUH ,QWKLVVWDJHDOO WKH SXEOLFDWLRQV DUHVWXGLHG LUUHVSHFWLYHRIWKHLUHYDOXDWLRQPHWKRGVJRDODQG
VFRSHRIWKHLUUHVHDUFK7KLVVWDJHDOVR LQYHVWLJDWHGWKHFRPPRQWUHQGVDQGHYDOXDWLRQFULWHULD IROORZHG
E\PLQLQJ/&$ VSHFLDOLVWV )XUWKHUPRUH /&$PHWKRGV WKDWZHUH FRQVLGHUHG LQ WKRVH VWXGLHV DUH DOVR
FODVVLILHGZKLFK LVGHVFULEHG LQ6HFWLRQRI WKLV UHYLHZSDSHU/&$PHWKRGV DUHVXPPDULVHG DV WKHLU
LPSDFW DVVHVVPHQW PHWKRGV LQ SUDFWLFH V\VWHP ERXQGDU\ LPSDFW FDWHJRULHV LQ XVH JHQHUDO PDWHULDO
LQSXWVDQGRXWSXWVGDWDEDVHVDQGWKHLUIXQFWLRQDOXQLWV
,QWKHIROORZLQJVWHSWKHHYDOXDWLRQFDWHJRULHVDUHVHOHFWHGDQGWKHSDSHUVWKHLUPHWKRGVDQGUHVXOWVDUH
VRUWHG EDVHG RQ WKH HYDOXDWLRQ FDWHJRULHV 7KH FULWHULD DUH VHOHFWHG EDVHG RQ WKHPHWDOV WKHLU JHQHUDO





ODFNV DWWHQWLRQ NH\ PDWHULDOV XVHG LQ PLQLQJ ZKLFK DUH KDUPIXO WR WKH HQYLURQPHQW DQG VXJJHVWLQJ
SRVVLEOHVROXWLRQVWRUHGXFHWKHQRWDEOHDPRXQWRIHPLVVLRQVIURPWKHPLQLQJ SURFHVVRULQGXVWULHV










































































HQYLURQPHQWDO HPLVVLRQV EDVHG RQ VHYHUDO FDWHJRULVHG DQG VWDQGDUGLVHG LPSDFW DVVHVVPHQW FDWHJRULHV
&XUUDQ7KHPDMRUVWHSVLQWKHOLIH F\FOHDVVHVVPHQWFRPSULVH RIJRDODQGVFRSHGHILQLWLRQ/&,





RU FUDGOHWRJUDYH 6WHZDUW DQG 3HWULH  7KH V\VWHP ERXQGDU\ IROORZHG LQ PLQLQJEDVHG /&$
VWXGLHVDUHFUDGOHWRJDWH'XHWRWKHODFN RIHQRXJKGDWDVRXUFHLWLVKDUGWRDVVXPHWKHHQGRIOLIHVWDWH
RIWKHSURFHVVHGPHWDO:KLFKLQWXUQUHVWULFWVWKH/&$VWXG\RQWRWKHFUDGOHWRJDWHSURFHVVHV6DQWHUR






































































VHOHFWHGPLQHUDORUPHJD WRQQHRI WKDW VHOHFWHGPLQHUDO 7KHJRDORI WKH/&$ZRUNV LV WRDQDO\VH WKH
HIIHFWV RIDSURGXFWRUSURFHVVEDVHGRQWKHLUV\VWHPERXQGDU\DQGFDWHJRULVH WKHLUHPLVVLRQV7HKHWDO
 WKH PDWHULDOV HQHUJ\ LQ WKH IRUP RI UHQHZDEOHV DQG QRQUHQHZDEOHV UHVRXUFHV RUJDQLF DQG
LQRUJDQLF FKHPLFDOV DUH LGHQWLILHG DV WKHPDWHULDO LQSXWV LQ DQ /&$ VWXG\ 7KH RXWSXW SURGXFW ZDVWH
HPLVVLRQV E\SURGXFWV DQG HPLVVLRQV WR VRLO ZDWHU DQG HQYLURQPHQW DUH FRQVLGHUHG DV PDWHULDO RU
SURFHVV RXWSXWV$OWKDXVDQG&ODVVHQ
/LIHF\FOHLQYHQWRU\GDWDVHWV
7KH OLIHF\FOH LQYHQWRU\ GDWDVHWV ZHUH FROOHFWHG IURP VHYHUDO VRXUFHV OLNH FRPSDQ\ UHSRUWV SXEOLVKHG
OLWHUDWXUHUHQRZQHG GDWDEDVHVOLNH(FR,QYHQW86*6$XV/&,+RZHYHUYHU\IHZGDWDVHWVDUHIRFXVHG
RQ JOREDO FRQWH[W 'DWDVHWV FDQ EH SUHVHQWHG DV JOREDO GDWDVHWV UHJLRQDO GDWDVHWV RU FRXQWU\VSHFLILF
GDWDVHWV)RUVWDQGDUGLVLQJ WKHGDWDVHWVWKHFROOHFWHGVHWVRIGDWDDUH TXDQWLILHGDQGDJJUHJDWHGYDOLGDWHG
DYHUDJHGDQGILQDOO\UHSUHVHQWHGLQWKHIRUPRIPLQHLUUHVSHFWLYHGDWDVHWV7KHVRXUFHRIWKHVHGDWDVHWV



















7KHVHPHWKRGVYDU\ IURPRQH DQRWKHU UHJDUGLQJ FKDUDFWHULVDWLRQ1RUPDOLVDWLRQDQGZHLJKWLQJ IDFWRUV
LPSDFWFDWHJRULHVDQGJHRJUDSKLFORFDWLRQ7KHDQDO\VHGLPSDFWFDWHJRULHVDOVRYDU\ DPRQJWKHPHWKRGV
7KHPRVWFRPPRQPLGSRLQWLQGLFDWRUEDVHGSUREOHPRULHQWHGLPSDFWFDWHJRULHVDUH++KXPDQKHDOWK








































































,3&& PHWKRG DQG $XVWUDOLDQ ,QGLFDWRU PHWKRG 5H&L3H PHWKRG KDV  PLGSRLQWV LQGLFDWRUEDVHG
FDWHJRULHVDQGWKUHHHQGSRLQWVLQGLFDWRUEDVHGFDWHJRULHV7KH5H&L3H LVWKHPRVWXSGDWHG/&$PHWKRG
ZLWK DPLQLPXP QXPEHURI LQGLFDWRU VFRUHV5H&L3HPHWKRG LV FODVVLILHG RQKLHUDUFKLHV LQGLYLGXDOLVW
DQG HJDOLWDULDQ PHWKRG 0RVW LPSRUWDQWO\ WKH 5H&L3H PHWKRG LV SDUWLFXODUO\ IRFXVHG RQ (XURSHDQ
JHRJUDSKLFFRQWLQHQW )XJLHOHWDO0DUJXHULWHHWDO ,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH
&KDQJH ,3&& PHWKRG LV VSHFLDOLVHG LQ JUHHQKRXVH JDV HPLVVLRQV 7KLV PHWKRG DFFHVVHV WKH *+*
HIIHFWVEDVHGRQ\HDUV\HDUVDQG\HDUV¶WLPHVSDQ+LVFKLHUHWDO
2Q WKH RWKHU KDQG $XVWUDOLDQ ,QGLFDWRU PHWKRG LV VSHFLDOLVHG LQ PDWHULDOV DQG SURFHVVHV ORFDWHG LQ
$XVWUDOLDQJHRJUDSKLF UHJLRQ$FFRUGLQJ WR WKHEHVWSUDFWLFHJXLGH LQ OLIHF\FOH DVVHVVPHQW$XVWUDOLDQ
,QGLFDWRUPHWKRGGR QRWFRQWDLQWKHWR[LFLW\HPLVVLRQIDFWRUVDQGWKHFKDUDFWHULVDWLRQ IDFWRUVDUHEDVHG RQ
(XURSHDQFRQWH[W LQKHULWHGIURP&0/PHWKRG6RLW LVQRWSURSHUO\IRFXVHG RQ$XVWUDOLDQJHRJUDSKLF
FRQWH[W /RGKLD DQG0DUWLQ  0DUJXHULWH HW DO  &HQWHU IRU0HWKRGRORJLFDO 'HYHORSPHQW
&0/ PHWKRG GHYHORSHG E\ 8QLYHUVLW\ RI /HLGHQ LQ 1HWKHUODQG LV DQRWKHU ZHOOHVWDEOLVKHG /&$
PHWKRG ZKHUH WKH FKDUDFWHULVDWLRQ IDFWRUV DUH IRFXVHG RQ WKH DYHUDJH YDOXHV RI JOREDO DQG (XURSHDQ
JHRJUDSKLF FRQWH[WZLWKQRZHLJKWLQJ DSSOLHG RQ LW6R WKH UHJLRQDO YDOLGLW\ RI WKLVPHWKRG FRXOG EH
FRQVLGHUHG DVJOREDOH[FHSW IRU WKH$3DQG32&)ZKLFKDUHEDVHG RQ(XURSHDQ IDFWRUV ,QWHUQDWLRQDO
5HIHUHQFH/LIH&\FOH'DWD6\VWHP ,/&'PHWKRG LVGHYHORSHGE\ WKH-RLQW5HVHDUFK&RPPLVVLRQ LQ
(XURSH -5&ZKHUH WKH LPSDFW FDWHJRULHV DUH IRUPHG XVLQJ WKH EDVH RI GLIIHUHQW UHQRZQHGPHWKRGV
,3&& IRU FOLPDWH FKDQJH LQ  \HDUV¶ WLPH VSDQ86(WR[ KXPDQ WR[LFLW\ FDQFHU DQG QRQFDQFHU
&0/  UHVRXUFH GHSOHWLRQ DQG VHYHUDO RWKHU PHWKRGV IURP OLWHUDWXUH 7KLV PHWKRG IROORZV EHVW
SUDFWLFHLQVHYHUDOLPSDFWDVVHVVPHQWFDWHJRULHV -5&(XURSHDQ&RPPLVVLRQ  -RLQW5HVHDUFK
&HQWUH ,QVWLWXWHIRU(QYLURQPHQWDQG6XVWDLQDELOLW\-5&(XURSHDQFRPPLVVLRQ
7KHPRVWGLVFXVVHGLPSDFWFDWHJRULHVDUH&&*+*DQG3('7(5$30'ZDVWHZDVDOVRDVVHVVHG LQ
PDQ\OLWHUDWXUH ZRUNVEXWVWLOO WKHUHDUHKXJHO\ ODFNLQJUHJDUGLQJ HQYLURQPHQWDOLPSDFWFDWHJRULHV'XH
WRWKHODFN RIFRPSOHWHOLIHF\FOHLQYHQWRU\GDWDVHWVLWZDVDOVRKDUGWRFRPSOHWH IXOO/&$VWXG\IRUPHWDO
LQGXVWULHVZKLFKFRXOGEHDJUHDWUHVHDUFKIRFXVLQIXWXUH$OVRDVHQYLURQPHQWDOLPSDFWVFRXOGQRWEH
UHJLRQDO WKHUH LV VWLOO QHHGLQJ WR GHYHORS D JOREDO /&$ PHWKRG ZKLFK ZRXOG DSSO\ WR SURFHVVHV RU
V\VWHPRISURFHVVHVIRUDQ\UHJLRQ$FHURHWDO0HQRXIL
&KRRVLQJWKHDSSURSULDWH/&$PHWKRGLVDFUXFLDOVWHSLQFRQGXFWLQJDQ/&$+RZHYHU WKLVFKRLFHLV






$OXPLQLXP )DUMDQD HW DO D 1XQH]




*:3 $3 +7 UHVRXUFHV ZDVWH ))'
(82'332&3:)
&HPHQWHGFDUELGH)XUEHUJHWDO 7( 2' )(: )UHVKZDWHU
HFRWR[LFLW\&&32):'













































































)HUURDOOR\ %DUW]DV DQG .RPQLWVDV 
+DTXHDQG1RUJDWH
*:3$33('






,URQ )HUUHLUD DQG /HLWH  *DQ DQG



























,/&'&(' *:3$3 )$(0$( (805' /8
:DWHU7('
8UDQLXP 6KDKMDGL +LVDQ )DUMDQD HW DO




*:3$3 )$(0$( (805' /8
:DWHU7('









&OLPDWHFKDQJH 4XDQWLILFDWLRQ EDVHG RQ WKH KXPDQ
DFWLYLWLHV RQ FOLPDWH EDVHG RQ JUHHQKRXVH
JDV HPLVVLRQV 7KLV LV PRVW FRPPRQO\
DFFRXQWHGIRUFDUERQGLR[LGHPHWKDQHDQG
QLWURXVR[LGHHPLVVLRQV
,3&& PHWKRG WR FDOFXODWH *+*
EDVHGRQ\HDUV¶ HPLVVLRQV
5HVRXUFHVGHSOHWLRQ 4XDQWLILHV WKH GHSOHWLRQ RI QDWXUDO
UHVRXUFHV IURP WKH HDUWK EDVHG RQ
FRQFHQWUDWLRQ RI UHVHUYH DQG
GHDFFXPXODWLRQ UDWHTXDQWLW\RI IXHOV UDWLR
RI DQQXDO SURGXFWLRQ WR DYDLODEOH UHVHUYH
GDPDJHWRUHVRXUFHEDVHGRQLQFUHDVHGFRVW
RIH[WUDFWLRQ
&0/ PHWKRG DQG ,/&' PHWKRG
EDVHG RQ FRQFHQWUDWLRQ RI UHVHUYH
DQGGHDFFXPXODWLRQUDWH
(XWURSKLFDWLRQ 4XDQWLILFDWLRQEDVHGRQWKHPDFURQXWULHQWV
UHOHDVHG RQ WKH HQYLURQPHQW DLU ZDWHU
&0/ DQG ,03$&7  ZKLFK


































































VRLO ,W FDQ EH DTXDWLF DQG WHUUHVWULDO
$TXDWLF HXWURSKLFDWLRQ LV TXDQWLILHG EDVHG
RQ DFFHOHUDWHG DOJDH JURZWK UHGXFHG
VXQOLJKW LQILOWUDWLRQ DQG R[\JHQ GHSOHWLRQ





$FLGLILFDWLRQ 4XDQWLILFDWLRQ EDVHG RQ WKH DFLGLI\LQJ
LPSDFWV EDVHG RQ ZKHQ DFLG SUHFXUVRU
FRPSRXQGV DUH UHOHDVHG RQWR WKH
HQYLURQPHQW DQG GHSRVLWHG RQ ODQG
WHUUHVWULDO RU ZDWHU DTXDWLF
4XDQWLILFDWLRQ LV PDLQO\ EDVHG RQ QLWURXV
R[LGHV VXOSKXU R[LGHV VXOSKXULF DFLG DQG
DPPRQLD





4XDQWLILHV WKH LPSDFWRI WR[LFLW\ VXEVWDQFH
UHOHDVHG RQ ODQG ZDWHU DQG HQYLURQPHQW
4XDQWLILFDWLRQLVEDVHGRQ XVLQJSHVWLFLGHV
KHDY\ PHWDOV KRUPRQHV DQG RUJDQLF
FKHPLFDOV




4XDQWLILHV WKH LPSDFWV EDVHG RQ LPSDFWV
IURP LQFUHDVH RQ R]RQH IRUPDWLRQ LQ
WURSRVSKHUH 7KH PDLQ FULWHULD DUH WKH
HPLVVLRQ RI QLWURXV R[LGHV FDUERQ
PRQR[LGH DQG WKRVH ZKLFK LPSDFWV RQ
R]RQHIRUPDWLRQ







GLIIHUHQW /&,$ PHWKRGV WKHVH DUH
FKDUDFWHUL]HG XQGHU GLIIHUHQW LPSDFW
FDWHJRULHV
75$&, DV 75$&, PHWKRG
GLVWLQJXLVKHV EHWZHHQ GLIIHUHQW
W\SHVRIHPLVVLRQV
/DQGXVH 4XDQWLILFDWLRQ LV EDVHG RQ WKH DPRXQW RI
ODQG XVH LQ /&$ DQG LWV HIIHFWV RQ
ELRGLYHUVLW\
&XUUHQWO\QREHVWSUDFWLFHPHWKRGV
IRU ODQG XVH DV QR VLQJOH PHWKRG
TXDQWLILHVDOOOHYHOVRIELRGLYHUVLW\
2]RQHGHSOHWLRQ 4XDQWLILHV WKH LPSDFW EDVHG RQ WKH
UHGXFWLRQ LQFRQFHQWUDWLRQRIR]RQH
2]RQH GHSOHWLRQ IDFWRUV SXEOLVKHG





WKH TXDQWLILFDWLRQ RI UDGLRDFWLYH
LPSDFWRQKXPDQKHDOWK
*HRJUDSKLFUHJLRQXQGHUFRQVLGHUDWLRQ








































































$OORFDWLRQWHFKQLTXHZDVUHTXLUHG LQPDQ\RIWKH/&$VWXGLHVZKLFKSURGXFHDVLJQLILFDQW QXPEHU RIE\
SURGXFWV 7KH DOORFDWLRQ WHFKQLTXH FRXOG EH RI PDVVEDVHG HFRQRP\EDVHG RU FDQ EH XVHG DV D
FRPELQDWLRQ RI ERWKPDVV DQG HFRQRP\ 7KH FKDUDFWHULVDWLRQ DQG QRUPDOLVDWLRQ IDFWRUV IRU DOORFDWLRQ
WHFKQLTXHVYDU\DPRQJWKH/&$VRIWZDUHOLNH6LPD3URRU*DEL$FFRUGLQJWRWKHWUHQGIROORZHGE\WKH









ZKLFK LV LQWHJUDWHG ZLWK 6LPD3UR VRIWZDUH DQG FRQWDLQLQJ PDQ\ PHWDO PLQLQJ /&$ GDWDVHWV IRFXVHG
SDUWLFXODUO\IRU$XVWUDOLD PDGH6LPD3URDZLGHO\DFFHSWHGFKRLFH7KHDQDO\VLVUHVXOWVJHQHUDWHGE\ERWK
6LPD3UR DQG*DEL VKRXOG SURGXFH UHDVRQDEO\ VLPLODU RXWFRPH FRQVLGHULQJ VLPLODU DQDO\VLV WHFKQLTXHV
DQG GDWDEDVHV DUH XVHG KRZHYHU WKDW LV DOVR VXEMHFW WR UHVHDUFK DQG YDOLGDWLRQ 7KHUH PD\ EH VRPH
YDULDWLRQDPRQJWKHGDWDVHWVJHQHUDWHGIURPGLIIHUHQWFRPSDQLHVWKHFKDUDFWHULVDWLRQ DQGQRUPDOLVDWLRQ
IDFWRUVZRXOG DOVR EH GLIIHUHQW *RHGNRRS HW DO  /L HW DO 1XQH] DQG -RQHV  35p

 ,PSDFW $QDO\VLVEDVHGRQ0HWDO0LQLQJ,QGXVWULHV
7KLV FKDSWHU GHVFULEHV WKH/&$ FRQGXFWHG RQ WKH NH\PLQLQJ DQG PLQHUDO SURFHVVLQJ LQGXVWULHV WKHLU
DQDO\VLVPHWKRGV NH\ ILQGLQJV UHVXOWV OLPLWDWLRQV DQG IXWXUH UHFRPPHQGDWLRQV 7KHPDMRU LQGXVWULHV
LQYROYH DOXPLQXPFRDOFRSSHUIHUURDOOR\JROGLURQQLFNHOUDUHHDUWKHOHPHQWVVWDLQOHVVVWHHOXUDQLXP
DQG ]LQF 7KH ODVW VXEVHFWLRQ LGHQWLILHV ILYH PHWDOV ZLWK QR RU YHU\ IHZ UHVHDUFK RXWSXW ZKLFK DUH
FHPHQWHGFDUELGHPDQJDQHVHPDJQHVLXPR[LGHDQGWLWDQLXPR[LGHV
 /&$LQDOXPLQLXP PLQLQJ
$OXPLQLXP LV D OLJKWZHLJKW DQG FRUURVLRQ UHVLVWDQW PHWDO ZKLFK DUH XVHG LQ DXWRPRELOH LQGXVWULHV
DHURVSDFH LQGXVWULHV EHYHUDJH PDNLQJ DOOR\V DQG HOHFWURQLFV LQGXVWULHV 7KH WRS FRXQWULHVZKLFK DUH
PLQLQJ DQG SURGXFLQJ DOXPLQLXP DUH &KLQD 5XVVLD &DQDGD ,QGLD $XVWUDOLD $OXPLQLXP SURGXFWLRQ
FRQVLVWV RI IRXU PDMRU VWHSV EDX[LWH RUH PLQLQJ DOXPLQD SURGXFWLRQ IURP %D\HU SURFHVV DOXPLQD
VPHOWLQJ IURP +DOO +HURXOW SURFHVV DQG DOXPLQD UHILQLQJ7DEOH  GHVFULEHV WKH PDMRU ILQGLQJV DQG
UHFRPPHQGDWLRQVIURPWKHUHVHDUFKHVFRQGXFWHGUHODWHGWR/&$RIWKLVPHWDO
7KHUH DUH IRXU PDMRU VWXGLHV FRQGXFWHG LQ WKH /&$ RI DOXPLQLXP SURGXFWLRQ SURFHVVHV 7DQ HW DO
DQDO\VHG /&$RIWKHDOXPLQLXP VXSSO\FKDLQZKLFKFRQVLVWVRIWKHUHILQHU\VPHOWHUDQGDFDVWLQJ SODQW
7KHJHRJUDSKLFDOFRYHUDJHZDV$XVWUDOLD DQG LWZDVDFUDGOHWRJDWH/&$VWXG\7KHDQDO\VLVZDVGRQH
XVLQJ6LPD3URZLWK(',3 (QYLURQPHQWDO'HVLJQRI,QGXVWULDO3URGXFWV7KH LPSDFW FDWHJRULHVZKLFK



































































VFHQDULRV ZHUH FRQVWUXFWHG DIWHU PRGLI\LQJ WKH VFUDS PHWDO DQG UHG PXG 7KHLU UHVXOWV UHYHDOHG WKDW
HOHFWULFLW\ XVH LQ VPHOWLQJ DQG UHILQLQJ SURFHVV LV PDLQO\ UHVSRQVLEOH IRU *:3 *OREDO :DUPLQJ
3RWHQWLDO DQG +7 +XPDQ 7R[LFLW\ $3 $FLGLILFDWLRQ 3RWHQWLDO LV GXH WR VXOIXU GLR[LGH 62
JHQHUDWLRQIURPWKHSRZHU SODQWDQGWUDQVSRUWDWLRQV\VWHP7KHLUVWXG\UHYHDOHGWKDWUHGXFLQJWKHVFUDS
PHWDO DQG UHGPXGFRXOGVLJQLILFDQWO\ UHGXFH WKH LPSDFWV IURPDOXPLQLXPSURGXFWLRQ 7DQDQG.KRR

3DUDVNHYDVHWDO DQDO\VHG DOXPLQLXP SURGXFWLRQDIWHUFRPSDULQJHOHFWULFLW\PL[RIFRXQWULHV7KHLU
GDWDVHWVDUHRULJLQDWHG IURP(FR,QYHQW DQG86*6GDWDEDVHVZKHUHDV DQDO\VHG XVLQJ6LPD3UR VRIWZDUH
DQG5H&L3HPHWKRG(OHFWULFLW\JHQHUDWHGIURPK\GURSRZHUFRDOJDVQXFOHDUELRIXHOJHRWKHUPDOVRODU
DUH FRQVLGHUHG WKHUH7KH\ DVVXPHG WKDW HOHFWULFLW\ LV JULG GHSHQGHQW DQG QRW WUDGHG DPRQJ WKH
FRXQWULHV$FFRUGLQJWR3DUDVNHYDVDPRXQWRIJUHHQKRXVHJDVHPLVVLRQV IURPDOXPLQLXPSURGXFWLRQLV
*W&2 HT$OXPLQLXPSURGXFWLRQUHTXLUHV0-HQHUJ\SHUNJ0RUHWKDQHLJKW\SHUFHQW LV
IRUHOHFWULFLW\JHQHUDWLRQ LQ+DOO+HURXOWSURFHVV7KH\ LGHQWLILHG WKDWFRXQWULHVZLWKKLJKFRDO DQG RLO
ULFK PL[KDYHKLJKHU HPLVVLRQ UHVXOWV UDWKHU WKDQ FRXQWULHVXVLQJFOHDQHU WHFKQRORJLHV7KH\ KDYH DOVR
VWDWHGWKDWFRXQWULHVZLWKVLPLODU HOHFWULFLW\PL[VKRZ VLPLODU*+* *UHHQKRXVH*DV(PLVVLRQ UHVXOWV
3DUDVNHYDVHWDO
$QRWKHUVWXG\FRQGXFWHGE\1XQH]HWDOZKHUHWKHGDWDVHWVDUHFROOHFWHG E\WKH,QWHUQDWLRQDO $OXPLQLXP
,QVWLWXWH ,$, KDYH VWXGLHG SULPDU\ DOXPLQLXP SURGXFWLRQ SURFHVV DQG XVHG *DEL VRIWZDUH 7KH
JHRJUDSKLF UHJLRQ XQGHU FRQVLGHUDWLRQ ZDV JOREDO DQG JOREDO PLQXV &KLQD 1XQH] FRQVLGHUHG VL[
PLGSRLQWVLQGLFDWRUEDVHG FDWHJRULHV*:3 JOREDOZDUPLQJSRWHQWLDO$3DFLGLILFDWLRQSRWHQWLDO))'
IRVVLO IXHO GHSOHWLRQ (8 HXWURSKLFDWLRQ 2'3 R]RQH GHSOHWLRQ SRWHQWLDO 32&3 SKRWRR[LGDQW
FUHDWLRQ SRWHQWLDO DQG :63 ZDWHU VFDUFLW\ SRWHQWLDO 7KHLU LGHQWLILFDWLRQ DOVR UHYHDOV WKH IDFW WKDW
KLJKHVWFRQWULEXWLRQRI*+*LVIURPDOXPLQDUHILQLQJDQGHOHFWURO\VLVSURFHVV'LUHFWHPLVVLRQVIURPWKH
HOHFWURO\VLV SURFHVVDOVRFRQWULEXWH ODUJHO\ WR *+* 1XQH]DQG-RQHV )DUMDQDHWDO VWXGLHG WKH
FUDGOHWRJDWHFRPSOHWH/&$RIIRXUPDMRUVWHSVIURPWKHEDX[LWHPLQLQJWRDOXPLQDUHILQLQJSURFHVVHV
7KH\KDYHDOVRFRQGXFWHGWKHVHQVLWLYLW\DQDO\VLVDPRQJWKHTXDQWLW\RIIRVVLOIXHOXVHGEDVHGRQSURFHVV
KHDW JHQHUDWLRQ$V WKH VWXG\ UHSRUWV HOHFWULFLW\ FRQVXPSWLRQ GXULQJ DOXPLQD VPHOWLQJ KDV WKH KLJKHVW



















UHVXOWV DQG FRXQWULHV ZLWK VLPLODU
HOHFWULFLW\ PL[ VKRZ VLPLODU *+*
UHVXOWV
7R UHGXFH WKH HQYLURQPHQWDO
LPSDFWV IURP DOXPLQLXP
SURGXFWLRQ LW VKRXOG VWDUW E\
IRFXVVLQJ RQ &KLQD GXH WR WKHLU
HQHUJ\ PL[ $OO WKH DOXPLQLXP





UHYHDOV WKH IDFW WKDW KLJKHVW
FRQWULEXWLRQ RI *+* LV IURP DOXPLQD
UHILQLQJ DQG HOHFWURO\VLV SURFHVV
'XH WR LQFUHDVHG SURGXFWLRQ RI
DOXPLQXP LQ &KLQD PRUH /&,


































































'LUHFW HPLVVLRQV IURP WKH HOHFWURO\VLV
SURFHVVDOVRFRQWULEXWH ODUJHO\WR *+*
PRGHOOLQJ WR HQKDQFH WKH






(OHFWULFLW\ DQG SURFHVV KHDW
FRQVXPSWLRQ LQ DOXPLQD VPHOWLQJ KDV
WKHKLJKHVWLPSDFW
$OWHUQDWLYH HQHUJ\ JHQHUDWLRQ
VRXUFH DQG LPSURYHPHQW LQ
HQHUJ\ HIILFLHQF\ ZRXOG EH
EHQHILFLDOIRUVXVWDLQDELOLW\
/&$LQFRDO PLQLQJ
&RDO LV D ZLGHO\ XVHG IRVVLO IXHO XVHG IRU HOHFWULFLW\ JHQHUDWLRQ RU SURFHVV KHDW JHQHUDWLRQ &RDO LV
H[WUDFWHG RQ WKHHDUWKFUXVWEDVHGRQRSHQFDVW DQGXQGHUJURXQGPLQLQJ7KHPDMRUPLQHUVRIFRDODUH
8NUDLQH.D]DNKVWDQ6RXWK$IULFD&KLQD8QLWHG6WDWHV DQG $XVWUDOLD&RDOFDQEHSURGXFHG IURPRSHQ
SLW PLQLQJ RU XQGHUJURXQG PLQLQJ 7KHUH DUH D IHZ VWHSV LQYROYHG LQ FRDO SURGXFWLRQ ZKLOH PDMRU





.RUROHWDOGHYHORSHGDQGXWLOLVHG DFRPSXWDWLRQDO/&$IRUFRDOPLQLQJ LQ3RODQG7KH\DVVHVVHG WKH
*+* XVLQJ WKH,3&& PHWKRG\HDUV\HDUVDQG\HDUV$QDO\VLVRIGDPDJHFDWHJRULHVZDV
GRQHXVLQJ WKH5H&L3H PHWKRG7KHLUVWXG\ LGHQWLILHG WKDW WKH ODUJHVW FRQWULEXWRU WR *+*LV IRVVLOIXHO
DQGPHWKDQHHPLVVLRQVIRUHOHFWULFLW\XVHSURFHVVLQJRIZDVWHKHDWDQGVWHHOVXSSRUWV$PRQJWKHWKUHH
UDQJHRI\HDUVWKHKLJKHVW UDQJHRIHPLVVLRQVZDV IURP\HDUVVSDQWKDWLVNJ&2 HTSHUNJ,QWKLV
WLPHIUDPHKLJKHVWFRQWULEXWRUIRU*+*LVPHWKDQHHPLVVLRQVZKLFKFRXOGEHJHQHUDWHG IURPHOHFWULFLW\
KHDW DQG VWHHO VXSSRUW DVVRFLDWHGZLWK WKH YHQWLODWLRQ SURFHVV %XUFKDUW.RURO HW DO  ,Q DQRWKHU
VWXG\$GLDQV\DKHWDOFRPSDUH FRDOPLQLQJWDLOLQJVPDQDJHPHQWVWUDWHJLHV XVLQJ/&$7KH\KDYHXVHG
K\EULG/&$PHWKRGFRPSULVHGRI$XVWUDOLDQ,QGLFDWRUDQG5H&L3HPHWKRG7KHVWUDWHJLHVLQYROYHGEHOW
SUHVV WDLOLQJV SDVWH WKLFNHQHG WDLOLQJV7KH\ IRXQG WKDW HOHFWULFDO HQHUJ\ LV WKH JUHDWHVW FRQWULEXWRU WR
HQYLURQPHQWDOHPLVVLRQVIURPFRDOPLQLQJ7KHDQDO\VLVLVGRQHXVLQJWKUHHFDVHVFHQDULRV WDLOLQJVZLWK
WKH ORZDPRXQWRIZDWHU WDLOLQJSDVWHZLWKPXFKVROLGVDQG WKHEDVHFDVHZLWKKLJKDPRXQWRIZDWHU
$GLDQV\DKHWDO=KDQJHWDO VWXGLHGRSHQFDVWFRDOPLQLQJRSHUDWLRQLQ&KLQD7KHIXQFWLRQDOXQLW
ZDV  WRQ RI FRDO 7KH V\VWHP ERXQGDU\ LQFOXGHV VWULSSLQJPLQLQJ WUDQVSRUWDWLRQ SURFHVVLQJ DQG
UHFODPDWLRQ 7KH LPSDFW FDWHJRULHV ZKLFK ZHUH FRQVLGHUHG UHVRXUFHV DFLGLILFDWLRQ *:3 ZDVWH DQG
GXVW$FFRUGLQJWR=KDQJWKHPRVWLPSDFWIXOFDWHJRU\ZDVGXVWIROORZHGE\*:3DQGDFLGLILFDWLRQ)RU
WRQRIFRDOSURGXFWLRQWKH*:3ZDVNJ&2HT =KDQJHWDO6LOYDHWDODQDO\VHG WKH
VXUIDFH FRDO PLQH ORFDWHG LQ %UD]LO 7KHLU V\VWHP ERXQGDU\ LQFOXGHV PLQLQJ WUDQVSRUWDWLRQ V\VWHP







/&$ IRU FRDO PLQLQJ LQ
3RODQG %XUFKDUW.RURO
7KH ODUJHVW FRQWULEXWRU WR *+* LV
IRVVLO IXHO DQG PHWKDQH HPLVVLRQV IRU
7KHLPSDFWVFDQEHUHGXFHGXVLQJ


































































HWDO HOHFWULFLW\ XVH SURFHVVLQJ RI ZDVWH
KHDW
SURGXFWLRQ 3ROOXWLRQ SUHYHQWLRQ
PHWKRGV VKRXOG EH DSSOLHG WR
UHGXFHHPLVVLRQV
/&$ LQ UHVSHFW RI
$XVWUDOLD $GLDQV\DK HW
DO
(OHFWULFDO HQHUJ\ LV WKH JUHDWHVW
FRQWULEXWRUWR HQYLURQPHQWDOHPLVVLRQV
IURPFRDOPLQLQJ
7KH WKLFNHQHG WDLOLQJ LQ WKH FRDO
PLQLQJ WDLOLQJPDQDJHPHQW FRXOG
UHGXFHWKHHQYLURQPHQWDOEXUGHQV





,QFUHDVH LQ WLUH SHUIRUPDQFH
WUDQVSRUWDWLRQ HIILFLHQF\ ORZ
FDUERQ SRZHU GHYHORSPHQW DQG
DGYDQFHPHQW LQ PLQLQJ
WHFKQRORJ\ ZLOO EH EHQHILFLDO WR
UHGXFHWKHLPSDFWV
/&$ EDVHG RQ %UD]LO
*XLPDUmHV GD 6LOYD HW
DO
GLHVHO RLO LV WKH VLJQLILFDQW SDUDPHWHU
ZKLFK HPLWV FDUERQ GLR[LGHPHWKDQH
DQGDPPRQLD
7KLV ZRUN ZLOO FRQWULEXWH WR WKH




&RSSHULVD YDOXDEOHPHWDOXVHGIRUWKHLUFRQGXFWLYLW\SURSHUWLHV DQG FRUURVLRQUHVLVWDQWSURSHUWLHV7KH\
DUHZLGHO\ XVHG IRU HOHFWULFDOZLULQJ FRQVWUXFWLRQ KHDW H[FKDQJHUV DQG HOHFWURQLFV 7KH SURGXFHUV RI
FRSSHUDUH8QLWHG6WDWHV&KLOHDQG$XVWUDOLD&RSSHULVH[WUDFWHGXVLQJRUHPLQLQJEHQHILFLDWLRQ,ILW
JRHVWKURXJKS\URPHWDOOXUJLFDOH[WUDFWLRQWKHQLWSDVVHVWKURXJKVPHOWLQJFRQYHUWLQJILUHUHILQLQJDQG
HOHFWURUHILQLQJ ,I WKH RUH JRHV WKURXJK K\GURPHWDOOXUJLFDO H[WUDFWLRQ WKHQ LW KDV OHDFKLQJ VROYHQW
H[WUDFWLRQ DQG HOHFWURZLQQLQJ 7DEOH  GHVFULEHV WKH PDMRU ILQGLQJV DQG UHFRPPHQGDWLRQV IURP WKH
UHVHDUFKFRQGXFWHGUHODWHGWR/&$RIWKLVPHWDO
1RUJDWH FRQGXFWHG /&$ EDVHG RQ S\URPHWDOOXUJLFDO DQG K\GURPHWDOOXUJLFDO FRSSHU SURGXFWLRQ 7KH\
DVVHVVHGDQGFRPSDUHGWKHLPSDFWVIURP SURFHVVSDUDPHWHUVRUHJUDGHHQHUJ\FRQVXPHG IRUHOHFWULFLW\
JHQHUDWLRQ DQG HOHFWULFLW\ JHQHUDWLRQ FDSDFLW\ 7KH DVVHVVHG LPSDFW FDWHJRULHV ZHUH *:3 $3 7KH\
VKRZHGWKDWVROYHQWH[WUDFWLRQDQGHOHFWURZLQQLQJSURFHVVHVRIK\GURPHWDOOXUJLFDOFRSSHUSURGXFWLRQKDV
DKLJKHU LPSDFWRYHUS\URPHWDOOXUJLFDO FRSSHUSURGXFWLRQ 1RUJDWH 0HPDU\ HW DO FRQGXFWHGD
WLPHVHULHVDQDO\VLVRIFRSSHUSURGXFWLRQ7KH\H[DPLQHG WKHHQYLURQPHQWDOHIIHFWVIURP FRSSHUPLQLQJ
DQG VPHOWLQJ IURP WR  WKURXJK D QRYHO DSSURDFK7KH\KDGFRQGXFWHG D FUDGOHWRJDWH/&$
VWXG\ EDVHG RQ GDWDVHWV IURP ILYH$XVWUDOLDQ FRSSHUPLQH 7KH\ VKRZHG WKDW FDUER IRRWSULQW IURP DOO
PLQHVUDQJHGIURPNW&2 HTWRNW&2 HT7KH\VKRZHGWKDWFRSSHUPLQLQJDQGPLOOLQJZHUH
WKHPRVW FUXFLDO SDUW WR UHGXFH*:3 0HPDU\ HW DO 1RUWKH\ HW DO FRQGXFWHG/&$RI FRSSHU
PLQLQJDQGVWDWHGWKDWDYHUDJHHQHUJ\LQWHQVLW\UDQJHVIURPWR*-W&X*+*UDQJHV IURPWRW
&2 HTW&X7KLV ODUJH YDULDWLRQZDVGXHWRWKHIRUP RIFRSSHUSURGXFHGRUHJUDGHVRXUFHVRIIXHODQG
HOHFWULFDOHQHUJ\1RUWKH\HWDO+DTXHHWDOFRQGXFWHGDFRPSDUDWLYH/&$VWXG\DPRQJLQVLWX
OHDFKLQJEDVHGSURGXFWLRQRIFRSSHUJROGDQGXUDQLXP7KHLUVWXG\ZDVFRQGXFWHGEDVHGRQ$XVWUDOLDQ















































































/&$ RQ JOREDO FRSSHU
SURGXFWLRQ 1RUJDWH

VROYHQW H[WUDFWLRQ DQG HOHFWURZLQQLQJ
SURFHVVHVRIK\GURPHWDOOXUJLFDOFRSSHU
SURGXFWLRQKDVDKLJKHU LPSDFW
7KH\ FRQGXFWHG D VHQVLWLYLW\
DQDO\VLVEDVHGRQE\YDU\LQJ
RI SURFHVV SRZHU FRQVXPSWLRQ







FRSSHU PLQLQJ DQG PLOOLQJ ZHUH WKH
PRVWFUXFLDOSDUWWRUHGXFH*:3
7KH PLQLQJ SURGXFWLRQ LPSDFWV
UHODWHG WR UHJLRQDO HQHUJ\
FRQVLGHUDWLRQ VKRXOG EH FDUHIXOO\
FRQVLGHUHGZLWKWKHJHRJUDSK\
/&$ RQ FRSSHU PLQLQJ
1RUWKH\HWDO
7KHODUJH YDULDWLRQLQ*+*ZDVGXHWR
WKH IRUP RI FRSSHU SURGXFHG RUH
JUDGH VRXUFHV RI IXHO DQG HOHFWULFDO
HQHUJ\
5HFRPPHQGDWLRQV PDGH IRU WKH
FRPSDQLHV IRU LPSURYLQJ PLQLQJ
GDWDVHWV WKURXJK LQGLFDWLQJ
GHWDLOHG HQHUJ\ FRQVXPSWLRQ





)RU JRRG ILHOG UHODWHG DFWLYLWLHV
HOHFWULFLW\ ZDV WKH PDLQ VRXUFH RI
*+* DQG WKH VXOIXULF DFLG XVHG IRU
OHDFKLQJ
(OHFWULFLW\ JHQHUDWHG IURP WKH
UHQHZDEOH HQHUJ\ UHVRXUFHV VXFK
DVVRODUHQHUJ\ZLOOEHQHILFLDOIRU
UHGXFLQJ LPSDFWV IURP LQVLWX
OHDFKLQJ
/&$ RI JOREDO FRSSHU
PLQH (NPDQ 1LOVVRQ HW
DO
7KH UHDVRQ IRU WKLV ZLGH UDQJH RI
YDULDWLRQ LQ *+* ZDV WKH PDWHULDO
TXDOLW\ WKHPHWDOOXUJLFDO SURFHVV DQG
WUDQVSRUWDWLRQGLVWDQFH
,QFDVHRIWKHDGYDQFHPHQWRIWKH





*ROGVLOYHU EHQHILFLDWLRQ KDV KLJKHVW
LPSDFWRYHUWKHRWKHUPHWDOV
0RGLILFDWLRQLQWKHHOHFWULFLW\JULG
PL[ WR HQKDQFH WKH HQHUJ\
HIILFLHQF\ ZLOO EH KHOSIXO WR
UHGXFHHQYLURQPHQWDOEXUGHQV
/&$LQIHUURDOOR\PLQLQJ
)HUURDOOR\ LV LURQEHDULQJDOOR\VZKLFKDOVRKDYH DKLJKHU SURSRUWLRQRIPHWDOV7KH\FDQPDNHDOOR\V
LQFOXGLQJFKURPLXPPDQJDQHVHPRO\EGHQXPVLOLFRQ,WLVPRVWO\IRXQGDQGSURGXFHGLQ&KLQD6RXWK
$IULFD 8NUDLQH .D]DNKVWDQ 7DEOH  GHVFULEHV WKH PDMRU ILQGLQJV DQG UHFRPPHQGDWLRQV IURP WKH
UHVHDUFKFRQGXFWHGUHODWHGWR/&$RIWKLVPHWDO
+DTXH HW DO VWXGLHG WKH /&$ RI IHUURDOOR\V 7KHVH DOOR\V ZHUH LURQ EHDULQJ PDWHULDO DOOR\HG LQ
FRQMXQFWLRQ ZLWK PDQJDQHVH FKURPLXP VLOLFRQ DQG PRO\EGHQXP 7KH\ VWXGLHG WKH HQYLURQPHQWDO
LPSDFWV LQ UHVSHFW RI$XVWUDOLD XVLQJ WKH7DVPDQLDQ HOHFWULFLW\*+* HPLVVLRQV IDFWRUV $FFRUGLQJ WR
WKHLUUHVXOWV *+*ZDVW&2 HTW)H0QW&2 HTW6L0QW&2 HTW)H6LW&2 HTW





































































DQG PRGH RI RSHUDWLRQ LQ VPHOWLQJ DQG UHILQLQJ  7KH\ VKRZHG WKDW HQYLURQPHQWDO LPSDFWV FRXOG
VLJQLILFDQWO\EHUHGXFHG ZLWKUHQHZDEOH HQHUJ\XVHLQVWHDGRIIRVVLOIXHO,QWKHQRUPDOVFHQDULRWKH*+*











WKHLU HOHFWULFLW\ XVH IRVVLO IXHO
FRQVXPSWLRQ JUDGH RI IHUURDOOR\V
SURGXFHG
5HQHZDEOH FDUERQ OLNH ELRFKDU
FDQ EH EOHQGHG ZLWK IRVVLO IXHOV
OLNH FRNHRU FRDO WR UHSODFH WKHVH
IRVVLOV




7KH HQYLURQPHQWDO LPSDFWV FRXOG
VLJQLILFDQWO\ EH UHGXFHG ZLWK
UHQHZDEOH HQHUJ\XVH LQVWHDGRI IRVVLO
IXHO 7KH VPHOWLQJ DQG UHILQLQJ VWDJH
FRQVXPHV WKH KLJKHVW DPRXQW RI
HQHUJ\ ZKLOH RUH PLQLQJ DQG
EHQHILFLDWLRQFRQWULEXWHGWKHOHDVW
*UHHQHQHUJ\XWLOL]DWLRQZRXOGEH
WKH EHVW SRVVLEOH VROXWLRQ WR JHW
EHWWHU HQYLURQPHQWDO UHVXOWV LQ
HDFKDVSHFW
 /&$LQJROGPLQLQJ
*ROG LV D SUHFLRXV PHWDO ZKLFK LV SRSXODU PHWDO RI SUHFLRXV MHZHOOHU\ FXUUHQF\ RU LQ HOHFWURQLF
DSSOLFDWLRQV$XVWUDOLDKDVWKHKLJKHVWDPRXQWRIJROGPLQHGHSRVLWVLPLODUOLNH6RXWK$IULFDDQG5XVVLD
)URP WKH JROG PLQH WKH JROG RUHV DUH JRQH WKURXJK FRPPLQXWLRQ VWDJH FRPSULVHV RI FUXVKLQJ DQG
JULQGLQJ,ILWLVUHIUDFWRU\RUHWKHQFRQVHTXHQWLDOO\XQGHUJRHVIORWDWLRQURDVWLQJSUHVVXUHR[LGDWLRQELR
R[LGDWLRQUHJULQGLQJVPHOWLQJDQGUHILQLQJ,IWKHJROGRUHLVQRQUHIUDFWRU\RUIUHHPLOOLQJ RUH WKHQLW
XQGHUJRHV H[WUDFWLRQ F\DQLGDWLRQ WDQN RU KHDS UHFRYHU\ VWULSSLQJ HOHFWURZLQQLQJ VPHOWLQJ DQG
UHILQLQJ7DEOH GHVFULEHVWKHPDMRUILQGLQJVDQGUHFRPPHQGDWLRQVIURPWKHUHVHDUFKFRQGXFWHGUHODWHG
WR/&$RIWKLVPHWDO




RI JROGPLQLQJ SURFHVVHV LQ&KLQDZKHUH WKH LPSDFW FDWHJRULHVZHUH &&7$3+7 30) 3DUWLFXODWH
0DWWHU)RUPDWLRQ))' IRVVLOIXHOGHSOHWLRQ 7KHDQDO\VLV ZDVGRQH E\PLGSRLQWDQGHQGSRLQWEDVHG
5H&L3HPHWKRG 7KH\IRXQGWKDWWKHODUJHVWLPSDFWLV RQWKHPHWDOGHSOHWLRQFDWHJRU\IURPPLQLQJGXHWR
HQHUJ\ FRQVXPSWLRQ DQG HPLVVLRQV )RU FOLPDWH FKDQJH HOHFWULFLW\ DQG GLHVHO ZHUH WKH ODUJHVW
FRQWULEXWRUV&OLPDWHFKDQJHLPSDFWZDV(NJ&2 HT &KHQHWDO+DTXHHWDOFRQGXFWHGD
FRPSDUDWLYH/&$ VWXG\ DPRQJ LQVLWX OHDFKLQJ EDVHG SURGXFWLRQ RI FRSSHU JROG DQG XUDQLXP7KHLU
VWXG\ZDVFRQGXFWHGEDVHGRQ$XVWUDOLDQ,PSDFWPHWKRGXVLQJ6LPD3URVRIWZDUH7KH\VKRZHGWKDWIRU
JROGPLQLQJDFWLYLWLHV UHODWLQJZHOOILHOG LPSDFWVPRVWO\DERXWRIWRWDO*+*ZKHUHZDVIURP
JROG H[WUDFWLRQ DQGPHWDO SURGXFWLRQ DQG ZHUH GXH WR FKHPLFDO XVH +DTXH DQG 1RUJDWH 




































































WKH FRPSDUDWLYH OLIH F\FOH HQYLURQPHQWDO LPSDFWV RI JROGVLOYHU UHILQLQJ RSHUDWLRQV ZKHUH WKH RUH LV
H[WUDFWHGIURPFRSURGXFWLRQRIJROGVLOYHUDQGWKHFRPELQHGSURGXFWLRQRIJROGVLOYHUOHDG]LQFFRSSHU





/&$ RQ JROG PLQLQJ LQ
$XVWUDOLD 1RUJDWH DQG
+DTXH
7KH UHIUDFWRU\ RUH RI JROG KDV WKH
KLJKHVW LPSDFW RQ PLQLQJ DQG




EHQHILFLDO IRU KLJK SUHVVXUH JDV
UHFRYHU\ OHDFKLQJ IORWDWLRQ
WHFKQRORJLHV JUDYLWDWLRQDO
WHFKQRORJLHV HWF WR UHGXFH WKH
HQYLURQPHQWDOLPSDFWV
/&$ RI JROG PLQLQJ LQ
&KLQD&KHQHWDO
7KH ODUJHVW LPSDFW LV RQ WKH PHWDO
GHSOHWLRQFDWHJRU\IURPPLQLQJGXHWR
HQHUJ\ FRQVXPSWLRQ DQG HPLVVLRQV
)RU FOLPDWH FKDQJH HOHFWULFLW\ DQG
GLHVHOZHUHWKHODUJHVWFRQWULEXWRUV
(QYLURQPHQWDOSROLF\VXJJHVWLRQV
OLNH LQFUHDVLQJ WKH UHVRXUFHV
HIILFLHQF\ DGMXVWLQJ HQHUJ\
VWUXFWXUH JROG UHF\FOLQJ DQG
HFRORJLFDOFRPSHQVDWLRQDSSURDFK
ZRXOG EH EHQHILFLDO IRU UHGXFLQJ
LPSDFWV
/&$ RI JROG PLQLQJ LQ
$XVWUDOLD +DTXH DQG
1RUJDWH
)RU JROG PLQLQJ DFWLYLWLHV UHODWLQJ
ZHOO ILHOG LPSDFWV PRVWO\ DERXW 
RI WRWDO *+* ZKHUH  ZDV IURP
JROG H[WUDFWLRQ DQG PHWDO SURGXFWLRQ
DQGZHUHGXHWRFKHPLFDOXVH
(OHFWULFLW\ JHQHUDWHG IURP WKH
UHQHZDEOH HQHUJ\ UHVRXUFHV VXFK
DVVRODUHQHUJ\ZLOOEHQHILFLDOIRU





*ROGVLOYHU EHQHILFLDWLRQ KDV KLJKHVW
LPSDFWRYHUWKHRWKHUPHWDOV
0RGLILFDWLRQLQWKHHOHFWULFLW\JULG
PL[ WR HQKDQFH WKH HQHUJ\





*ROG UHILQLQJ IURP WKH JROGVLOYHU
FRXSOH SURGXFWLRQ KDYH QRWDEOH
HQYLURQPHQWDO LPSDFW RYHU WKH
FRPELQHGSURGXFWLRQ
$OWHULQJ WKH PDWHULDO DOOR\LQJ
SURSHUWLHV IRU VWDLQOHVV VWHHO




PRGHUQ FLYLOL]DWLRQ7KHPDMRUPLQHUV DQG SURGXFHUV RI LURQ DUH&KLQD$XVWUDOLD%UD]LO 5XVVLD DQG
,QGLD ,URQ FDQ EHPLQHG IURP RSHQ SLWPLQLQJ RU XQGHUJURXQGPLQLQJ ,URQ RUH LV H[WUDFWLRQ WKURXJK
GULOOLQJ EODVWLQJ H[FDYDWLQJ ORDGLQJ KDXODJH RUH GXPSLQJ FUXVKLQJ DQG VFUHHQLQJ $IWHU VFUHHQLQJ
OXPSHGRUHVDUH VHQW WKURXJK VWDFNLQJ UHFODLPLQJ ORDGLQJ WUDQVSRUW ,I WKH LURQRUHV DUH ILQHRUH WKHQ
DIWHUVFUHHQLQJ LWJRHVWKURXJKVWDFNLQJ UHFODLPLQJ ORDGLQJ WUDQVSRUWSHOOHWLQJDQGVLQWHULQJ 7DEOH






































































ZDV WKH ODUJHVW FRQWULEXWRU WR HQYLURQPHQWDO HPLVVLRQV ZLWK WKH ODUJHVW LPSDFW RQ KXPDQ KHDOWK DQG
TXDOLW\RIHFRV\VWHPV(PLVVLRQRILQKDODEOHLQRUJDQLFPDWHULDOV LV DIIHFWLQJKXPDQKHDOWK*UHHQKRXVH
JDVHPLVVLRQVDUHIURPHOHFWULFLW\FRQVXPSWLRQZKLFKZDVNJ&2 HTIRU WRQRI LURQSURGXFHG
)HUUHLUDDQG/HLWH+DTXHHWDODQDO\VHG /&$RI RSHQSLW LURQRUHPLQLQJDQGSURFHVVLQJ ZKLFK
FRPSULVHVRIGULOOLQJEODVWLQJORDGLQJKDXODJHFUXVKLQJVFUHHQLQJVHSDUDWLRQVWDFNLQJDQGVWRFNSLOLQJ
7KHIXQFWLRQDOXQLWZDVWRQ7KHLPSDFWFDWHJRULHVZHUHJURVVHQHUJ\UHTXLUHPHQWVDQG*+*HPLVVLRQV
7KH DQDO\VLV ZDV GRQH E\$XVWUDOLDQ ,QGLFDWRUPHWKRG 7KH DQDO\VLV UHVXOWV VKRZHG WKDW ORDGLQJ DQG
KDXODJHPDGHWKHKLJKHVWFRQWULEXWLRQWR*+*&2 HTW+DTXHDQG1RUJDWH1RUJDWHDQG
+DTXH*DQHWDO DQDO\VHG /&$RI PLQLQJDQGSURFHVVLQJRI LURQRUHPLQH LQ&KLQD7KH LURQ
PLQHFRQVLGHUHGFRQVLVWVRIRSHQSLWPLQHDQGXQGHUJURXQGPLQH7KHIXQFWLRQDOXQLWZDVWRQQHRILURQ






/&$ RI LURQ PLQLQJ LQ
%UD]LO)HUUHLUDDQG /HLWH

7KH XVH RI JULQGLQJ PHGLD ZDV WKH
ODUJHVW FRQWULEXWRU WR HQYLURQPHQWDO
HPLVVLRQV ZLWK WKH ODUJHVW LPSDFW RQ
KXPDQ KHDOWK DQG TXDOLW\ RI
HFRV\VWHPV
5HSODFHPHQW RI IRVVLO IXHOV ZLWK
ELRGLHVHO ZRXOG EH EHQHILFLDO IRU
UHGXFLQJFOLPDWHFKDQJHHIIHFWV
/&$ RI LURQ PLQLQJ LQ
$XVWUDOLD +DTXH DQG
1RUJDWH
7KH ORDGLQJ DQG KDXODJH PDGH WKH
KLJKHVWFRQWULEXWLRQWR*+*
(PHUJLQJ WHFKQRORJLHV VKRXOG EH
DGRSWHG WR UHGXFH WKH
HQYLURQPHQWDO EXUGHQV IURP
ORDGLQJDQGKDXOLQJRILURQRUH
/&$ RI LURQ PLQLQJ LQ
&KLQD *DQ DQG *ULIILQ

7KHKLJKHVW *+*FRQWULEXWLRQLVIURP
DJJORPHUDWLRQ ORDGLQJ KDXODJH DQG
RUHSURFHVVLQJ
7R UHGXFH WKH HQYLURQPHQWDO
LPSDFWV RI LURQPLQLQJ LQ &KLQD
KLJK JUDGH RUH LPSRUW IURP
DEURDG
/&$LQQLFNHOPLQLQJ





.KRR HW DO VWXGLHG WKUHH FUDGOHWRJDWH EDVHG QLFNHO ODWHULWH WHFKQRORJLHV 7KH JHRJUDSKLF UHJLRQ
FRQVLGHUHGZHUH:HVWHUQ$XVWUDOLD DQG ,QGRQHVLD7KH DQDO\VLVZDV FRQGXFWHG XVLQJ ,03$&7
PHWKRG 5H&L3H PHWKRG DQG $XVWUDOLDQ ,QGLFDWRU PHWKRG 7KH\ ZHUH KLJKSUHVVXUH DFLG OHDFKLQJ
+3$/IHUURQLFNHODQGGLUHFWQLFNHO'1LSURFHVV7KHLUVWXG\UHYHDOHGWKDWWKHKLJKHVW HQYLURQPHQWDO
LPSDFW ZDV IURP IHUURQLFNHO ZKLOH WKH PRVW VXVWDLQDEOH ZDV +3$/ ,W ZDV DOVR IRXQG WKDW UHVXOWV
REWDLQHGIURP$XVWUDOLDQ,QGLFDWRUPHWKRGZHUHVOLJKWO\KLJKHUWKDQIRURWKHUPHWKRGV*OREDOZDUPLQJ
SRWHQWLDOZDV PRVWO\ FRQWULEXWHG E\ IXHOFRQVXPSWLRQ LQQLFNHO UHGXFWLRQDQG VPHOWLQJ$QRWKHUPDMRU
IDFWRUIRU*+*ZDVFRDOFRQVXPSWLRQWRSURGXFHVWHDP.KRRHWDO0LVWU\HWDOFRQGXFWHG/&$
RI QLFNHO DQG IHUURQLFNHO SURGXFWLRQ 7KHLU GDWDVHWV ZHUH RULJLQDWHG IURP QLQH FRPSDQLHV ZKLFK











































































IURP IHUURQLFNHO ZKLOH WKH PRVW
VXVWDLQDEOH ZDV +3$/ GXH WR IXHO
FRQVXPSWLRQ LQ QLFNHO UHGXFWLRQ DQG
VPHOWLQJ
1LFNHO SURGXFWLRQ XVLQJ WKH '1L
PHWKRGZRXOG EH EHQHILFLDO RYHU
WKH +3$/ PHWKRG WR HQKDQFH
VXVWDLQDELOLW\
/&$ RI JOREDO QLFNHO
SURGXFWLRQ 0LVWU\ HW DO

7KHH[WUDFWLRQDQGUHILQLQJVWHSVZHUH
WKH PDMRU FRQWULEXWRU IRU 3(' DQG
*:3
7KH QLFNHO LQVWLWXWH ZLOO XSGDWH






7KHVH UDUH HDUWK HOHPHQWV DUH XVHG IRU PDNLQJ RSWLFDO DQG HOHFWURQLFV SURGXFWV 'LIIHUHQW LQGXVWULDO
VHFWRUVDUHXVLQJWKHVHUDUHHDUWKHOHPHQWVPHWDOOXUJ\RLODQGDJULFXOWXUH7KH\DUHPLQHG IURP&KLQD
%UD]LODQG WKH8QLWHG 6WDWHV5DUHHDUWKHOHPHQWVFDQEHPLQHGXVLQJRSHQSLWPLQLQJRUXQGHUJURXQG
PLQLQJ $IWHU PLQLQJ LW JRHV WKURXJK EHQHILFLDWLRQ VWDJH ZKLFK LQYROYHV FUXVKLQJ DQG JULQGLQJ
PDJQHWLFVHSDUDWLRQPXOWLVWDJHIORWDWLRQILOWHULQJZDVKLQJDQGFRQGLWLRQLQJ$WWKHUHILQLQJVWDJHWKH




:HQJ HW DO FRQGXFWHG/&$RI UDUH HDUWK HOHPHQWV EDVHG RQ FUDGOHWRJDWH PLQLQJ SURMHFWV7KHLU
IRFXV ZDV RQ *(5 *URVV (QHUJ\ 5HTXLUHPHQWV DQG *:3 7KH DQDO\VLV ZDV GRQH XVLQJ 6LPD3UR
VRIWZDUH5H&L3HPHWKRGDQG&('PHWKRG 7KHDOORFDWLRQPHWKRGZDVDQHFRQRP\EDVHG DOORFDWLRQRI
6LPD3UR7KH\IRXQGWKDWWKHJUHDWHVW HQYLURQPHQWDOLPSDFWVZHUHIURPLRQLFFOD\PRQD]LWHEDVWQDHVLWH
ZKHUH WKH LPSDFW LV KLJKHU WKDQ IRUPRVW FRPPRQPHWDOV OLNH EDX[LWH FRSSHU DQG VWHHO :HQJ HW DO
/LPDHWDODQDO\VHG /&$RINJ RIUDUHHDUWKHOHPHQW ZLWKNJ RIFRSURGXFWVIURPD%UD]LOLDQ
RUH7KHDQDO\VLVZDV GRQH XVLQJ WKH ,03$&7 PHWKRGZKHUH WKH GDWDVHWVZHUH IURP&(7(0






/&$ RI UDUH HDUWK
HOHPHQWV :HQJ HW DO

7KH JUHDWHVW HQYLURQPHQWDO LPSDFWV
ZHUH IURP LRQLF FOD\ PRQD]LWH
EDVWQDHVLWHZKHUH WKH LPSDFW LVKLJKHU
WKDQ IRU PRVW FRPPRQ PHWDOV OLNH
EDX[LWHFRSSHUDQGVWHHO
5DUH HDUWK HOHPHQWV UHILQLQJ
WHFKQRORJLHVVKRXOGDGRSWFOHDQHU



































































/&$ RI UDUH HDUWK
HOHPHQWV LQ %UD]LO /LPD
HWDO
7KH ODUJHVW FRQVXPSWLRQ RI
K\GURFKORULF DFLG DQG DPPRQLXP
R[LGHV SURGXFH UDGLRDFWLYH HPLVVLRQV
ZKLFK LPSDFW RQ R]RQH GHSOHWLRQ
SRWHQWLDO DQGFDUFLQRJHQV WKXV LPSDFW
RQKXPDQKHDOWK
0RUHLQYHVWPHQWLVUHTXLUHGLQWKH
OLIH F\FOH DVVHVVPHQW VHFWRUV WR
EHWWHU MXVWLI\ WKH HQYLURQPHQWDO
LPSDFWDQDO\VLV
 /&$LQVWDLQOHVVVWHHOSURGXFWLRQ
6WHHO LQGXVWU\ LV OLNH RLODQGJDV6WHHO LVZLGHO\XVHG LQFRQVWUXFWLRQZRUNV WUDQVSRUWDWLRQSDFNDJLQJ
DQGHQHUJ\VHFWRU&KLQD LVRQHRI WKH OHDGLQJSURGXFHUVRI VWHHO 6WHHO LVSURGXFHG DIWHUSURFHVVLQJ LQ





ZDVWKHQLFNHOVRXUFHWRWDOHQHUJ\FRQVXPSWLRQZDV KLJKHUWKDQWKHFDVHZKHUHQLFNHOPHWDOZDV XVHG DV
D VRXUFH 7KH\ DOVR VWDWHG WKDW QLFNHO KDV WKH KLJKHVW LPSDFW WKHQ IHUURQLFNHO IHUURFKURPH DQG LURQ
:KLOH DQDO\VLQJ WKH VRXUFH RI HOHFWULFLW\ QDWXUDO JDV XVH FRXOG UHGXFH WKH*:3ZLWKRXW FKDQJLQJ WKH
WRWDO HQHUJ\ FRQVXPSWLRQZKLOH K\GURHOHFWULFLW\ FRXOG UHGXFHERWK 1RUJDWH HW DO  .RURO HW DO








WKH FRNH SURGXFWLRQ DQG LURQVWHHO SURGXFWLRQ 7KH DQDO\VLV PHWKRG ZDV ,/&'ZKLOH ERWK PDVV DQG
HFRQRP\EDVHG DOORFDWLRQZHUH FRQVLGHUHG7KHLU UHVXOWV DUH VLPLODU OLNH IRU.RURO HW DO WKDW WKHPRVW
LPSDFWIXOSURFHVVHV ZHUHEODVWIXUQDFHDQGFRNHRYHQRSHUDWLRQV0RUHWKDQRIWKHFOLPDWHFKDQJH










/&$RI VWHHO 1RUJDWH HW
DO
6WDWHG WKDW ZKHQ IHUURQLFNHO ZDV WKH
QLFNHO VRXUFH WRWDO HQHUJ\
FRQVXPSWLRQZDVKLJKHU WKDQ WKHFDVH
ZKHUH QLFNHO PHWDO ZDV XVHG DV D
VRXUFH7KH\DOVRVWDWHGWKDWQLFNHOKDV
WKH KLJKHVW LPSDFW WKHQ IHUURQLFNHO
$OWHUQDWLYH PHWDO SURGXFWLRQ
WHFKQRORJLHVVKRXOGEHGHYHORSHG




































































/&$ RI VWHHO SURGXFWLRQ
LQ 3RODQG %XUFKDUW
.RURO
7KH SURGXFWLRQ RI SLJ LURQ KDG WKH
KLJKHVW LPSDFW RQ *+* DQG IXHO
FRQVXPSWLRQ GXH WR HOHFWULFLW\ 7KH\
DOVRVKRZHGWKDWWKHLURQRUHVLQWHULQJ









7KH PRVW LPSDFWIXO SURFHVVHV ZHUH
EODVW IXUQDFH DQG FRNH RYHQ
RSHUDWLRQV 0RUH WKDQ  RI WKH
FOLPDWH FKDQJH R]RQH GHSOHWLRQ DQG
SDUWLFXODWH PDWWHU ZHUH GXH WR UDZ
PDWHULDO WUDQVSRUWDWLRQ LQ WKH EODVW
IXUQDFHDQGFRNHRYHQ
(QHUJ\ DQG IXHO H[FKDQJH
EHWZHHQ WKH SRZHU SODQWV DQG
IDFWRU\ FDQ EH PRGHOOHG DQG
DQDO\VHG /&$ DQDO\VLV FDQ DOVR
EH H[WHQGHG EDVHG RQ VWHHO
SURGXFWUROOLQJRSHUDWLRQV
/&$ RI VWHHO SURGXFWLRQ
LQ&KLQD0DHWDO
7KH ZDWHU IRRWSULQW FDXVHG E\ VWHHO
SURGXFWLRQ DQG IRXQG WKDW JUH\ ZDWHU
IRRWSULQW ZDV KLJKHU WKDQ EOXH ZDWHU
IRRWSULQW ZKLOH GLUHFW HPLVVLRQV
SOD\HG WKH NH\ UROH IRU JUH\ ZDWHU
IRRWSULQW
)XUWKHU VWXGLHV VKRXOG EH FDUULHG
RXW EDVHG RQ G\QDPLF GDWDEDVH
DQG VSDWLDO GLVSDULW\ LQ ZDWHU
IRRWSULQW HYDOXDWLRQ LQ GLIIHUHQW
DVSHFWV
 /&$LQXUDQLXPPLQLQJ
8UDQLXP LV WKH VRXUFHRIQXFOHDUSRZHUZKLFK LVZLGHO\SURGXFHGDQGQDWXUDOO\ IRXQG1XFOHDUSRZHU
DFFRXQWVIRUPRUHWKDQRISRZHUSURGXFWLRQLQWKHZRUOG7KHXUDQLXPGHSRVLWVDUHPRVWO\IRXQG LQ
$XVWUDOLD.D]DNKVWDQDQG&DQDGD8UDQLXPFDQEHPLQHGXVLQJRSHQSLWPLQLQJRUXQGHUJURXQGPLQLQJ
7KHPLQHGRUHVDUH WKHQJRLQJ WKURXJKFUXVKLQJJULQGLQJ OHDFKLQJVROLGVHSDUDWLRQ OLTXRUH[WUDFWLRQ




ERXQGDU\ LQFOXGHV XUDQLXPRUHPLQLQJ WR HOHFWULFLW\ SURGXFWLRQ LQ D SODQW7KHLU VWXG\ IRXQG WKDW IXHO
HQULFKPHQWVWDJHPDGHWKHKLJKHVW FRQWULEXWLRQRI*+*ZKLOHWKHWRWDO*+*ZDVNJ&2 HT0:K
%XW LI WKHRUHJUDGH IDOOV WR WKHQ WKH*+*ZRXOGEHNJ&2 HT0:K+DTXHDQG1RUJDWH
1RUJDWHHWDO3DUNHUHWDOVWXGLHGWKHFUDGOHWRJDWHXUDQLXPPLQLQJDQGPLOOLQJLQ&DQDGD
7KH\IRXQGWKDWVRXUFHRI*+*WKDWLVWKHHQHUJ\XVHGWRSURGXFH HOHFWULFLW\DQGSURFHVVHPLVVLRQVIURP
QRQHQHUJ\UHVRXUFHV ZDV WKHODUJHVWFRQWULEXWRUWR HQYLURQPHQWDOHPLVVLRQV 3DUNHUHWDO)DUMDQD
HWDODQDO\VHG DQGFRPSDUHGDPRQJRSHQSLWPLQLQJXQGHUJURXQGPLQLQJDQGLQVLWXOHDFKLQJXUDQLXP
PLQLQJRSHUDWLRQV7KH\IRXQGWKDWLQVLWXOHDFKLQJKDVDKLJKHULPSDFWRQDOOWKHHQYLURQPHQWDOLPSDFW
FDWHJRULHVH[FHSWLRQLVLQJ UDGLDWLRQ 2QWKHRWKHU KDQGXQGHUJURXQGPLQLQJHIIHFWVDGYHUVHO\RQLRQLVLQJ
UDGLDWLRQ 6+ )DUMDQD HW DO D 6KDKMDGL+LVDQ )DUMDQD HW DO E +DTXH HW DO FRQGXFWHG D
FRPSDUDWLYH/&$ VWXG\ DPRQJ LQVLWX OHDFKLQJ EDVHG SURGXFWLRQ RI FRSSHU JROG DQG XUDQLXP7KHLU
VWXG\ZDVFRQGXFWHGEDVHGRQ$XVWUDOLDQ,PSDFWPHWKRGXVLQJ6LPD3URVRIWZDUH7KH\VKRZHGWKDWIRU






































































6WXG\ UHIHUHQFH .H\ILQGLQJV 5HFRPPHQGDWLRQ
/&$ RI QXFOHDU SRZHU
SURGXFWLRQ 1RUJDWH HW
DO
7KH IXHO HQULFKPHQW VWDJH PDGH WKH
KLJKHVW FRQWULEXWLRQRI*+*
1HZ WHFKQRORJLHV LQ GLIIHUHQW
VWDJHVRIQXFOHDUIXHOF\FOHZRXOG
EH EHQHILFLDO IRU UHGXFLQJ
HQYLURQPHQWDOEXUGHQV
/&$ RI XUDQLXP PLQLQJ
LQ &DQDGD 3DUNHU HW DO

7KHHQHUJ\XVHGWRSURGXFHHOHFWULFLW\
DQG SURFHVV HPLVVLRQV IURP QRQ
HQHUJ\ UHVRXUFHV ZDV WKH ODUJHVW
FRQWULEXWRUWR HQYLURQPHQWDOHPLVVLRQV
,Q IXWXUH GHWDLOHG /&$ VWXG\
FRYHULQJ DOO WKH HQYLURQPHQWDO
LPSDFW FDWHJRULHV VKRXOG EH
FRQGXFWHG WR UHGXFH WKH
HQYLURQPHQWDO EXUGHQV DQG WR
WUDGH RII DPRQJ WKH FRPSHWLQJ
HQHUJ\SURGXFWV
/&$ RI JOREDO XUDQLXP
PLQLQJ 6+ )DUMDQD HW
DO D 6KDKMDGL
+LVDQ )DUMDQD HW DO
E




FRQGXFWHG XVLQJ WKH QDWXUDO JDV
EDVHG VFHQDULR IRU SURFHVV DQG
PLQHVSHFLILFGDWDVHWV
/&$ RI XUDQLXP PLQLQJ
LQ $XVWUDOLD +DTXH DQG
1RUJDWH
7KH ZHOO ILHOG UHODWHG DFWLYLWLHV DQG
FKHPLFDO FRQVXPSWLRQ FRQWULEXWHG WKH
PRVWIRU*+*
(OHFWULFLW\ JHQHUDWHG IURP WKH
UHQHZDEOH HQHUJ\ UHVRXUFHV VXFK
DVVRODUHQHUJ\ZLOOEHQHILFLDOIRU




,W LVDOVRXVHG DVDQDOOR\LQJHOHPHQWZLWKFRSSHU=LQFLVSURGXFHG IURPRUHPLQLQJPLQHUDOSURFHVVLQJ
FRQFHQWUDWLRQURDVWLQJOHDFKLQJSXULILFDWLRQDQGHOHFWURO\VLV 7DEOH GHVFULEHVWKHPDMRUILQGLQJVDQG
UHFRPPHQGDWLRQVIURPWKHUHVHDUFKFRQGXFWHGUHODWHGWR/&$RIWKLVPHWDO
*HQGHUHQ HW DO DQDO\VHG WKH FUDGOHWRJDWH /&$ RI ]LQF FRQFHQWUDWH DQG VSHFLDO KLJKJUDGH ]LQF 7KH
JHRJUDSKLFDO FRYHUDJH FRQVLGHUHG LQ WKDW VWXG\ ZDV JOREDO 7KH V\VWHP ERXQGDU\ FRQVLVWV RI ]LQF RUH
PLQLQJ FRQFHQWUDWLRQ WUDQVSRUWDWLRQ DQG VPHOWLQJ 'DWDVHWV ZHUH FROOHFWHG IURP  PLQHV DQG 
VPHOWHUV DQG DQDO\VHG XVLQJ *DEL VRIWZDUH 7KH VHOHFWHG LPSDFW FDWHJRULHV ZHUH *:3 $3 (8
(XWURSKLFDWLRQ 32&3 2'3 DQG 3('  7KH DQDO\VLV ZDV GRQH XVLQJ WKH &0/ PHWKRG DQG WKH
IXQFWLRQDOXQLWZDV07 0HJD WRQQH RI]LQF7KHLU VWXG\ IRXQG WKDW WKH LPSDFWVRI ]LQFSURGXFWLRQ
ZHUH SULPDULO\ GXH WR HQHUJ\ FRQVXPSWLRQ LQ WKH PLQLQJ DQG FRQFHQWUDWLRQ SURFHVV (OHFWULFLW\
FRQVXPSWLRQZDVKXJHZKLFKWKHFRXQWU\DQGJULGPL[SOD\HGDVLJQLILFDQW UROH 9DQ*HQGHUHQHWDO
 4L HW DO FRQGXFWHG /&$ RI K\GURPHWDOOXUJLFDO ]LQF SURGXFWLRQ LQ &KLQD ZKLFK ZDV EDVHG RQ
1DWLRQDO LQYHQWRU\ GDWDVHWV 7KH DQDO\VLVZDV GRQH E\5H&L3HPHWKRG DQG WKH IXQFWLRQDO XQLWZDV 
WRQQH RI K\GURPHWDOOXUJLFDO ]LQF SURGXFWLRQ 7KHLU VWXG\ UHYHDOV WKDW RYHUDOO HQYLURQPHQWDO HPLVVLRQV
ZHUHGXHWR]LQFRUHPLQLQJDQGHQHUJ\FRQVXPSWLRQLQWKHIRUPRIHOHFWULFLW\DQGQDWXUDOJDV7KH\DOVR
VWDWHGWKDWSROOXWDQWVOLNHFRSSHU]LQFOHDGZKLFKZHUHHPLWWHG WRWKHHQYLURQPHQW ZHUHUHVSRQVLEOHIRU
KXPDQ WR[LFLW\ PDULQH DTXDWLF HFRWR[LFLW\ &DUERQGLR[LGH HPLVVLRQ IURP FRDOEDVHG HOHFWULFLW\
JHQHUDWLRQZDV GRPLQDQWIRUFOLPDWHFKDQJHDQGIRVVLOGHSOHWLRQ$OVR WKHKHDY\PHWDOV IURPLURQRUH
PLQLQJDQG UHILQLQJFRQWULEXWHG WR LPSDFWVRQKXPDQKHDOWKDQGZDWHU 4L HWDO )DUMDQD HW DO







































































/&$ RI JOREDO ]LQF
SURGXFWLRQ 9DQ
*HQGHUHQHWDO
7KH LPSDFWV RI ]LQF SURGXFWLRQ ZHUH
SULPDULO\ GXH WR HQHUJ\ FRQVXPSWLRQ
LQ WKH PLQLQJ DQG FRQFHQWUDWLRQ
SURFHVV
,Q IXWXUH LQFOXGLQJ WKH XQLW
SURFHVV GHWDLOV IRU /&$ DQDO\VLV
IRU FRQFHQWUDWLRQ DQG VPHOWLQJ
ZRXOG EH EHQHILFLDO IRU
VXVWDLQDELOLW\
/&$ RI ]LQF SURGXFWLRQ
LQ&KLQD4LHWDO
7KH RYHUDOO HQYLURQPHQWDO HPLVVLRQV
ZHUH GXH WR ]LQF RUH PLQLQJ DQG
HQHUJ\ FRQVXPSWLRQ LQ WKH IRUP RI
HOHFWULFLW\DQGQDWXUDOJDV
,Q IXWXUH WKHLU VWXG\ ZRXOG EH
EHQHILFLDO WR EXLOG QDWLRQDO /&,





*ROGVLOYHU EHQHILFLDWLRQ KDV KLJKHVW
LPSDFWRYHUWKHRWKHUPHWDOV
0RGLILFDWLRQLQWKHHOHFWULFLW\JULG
PL[ WR HQKDQFH WKH HQHUJ\






&REDOW PLQLQJ KDV QRWDEOH LPSDFW RQ KXPDQ KHDOWK GXH WR FDQFHUFDXVLQJ HOHPHQWV ZKLFKPD\ FDXVH
KHDUWGLVHDVHYLVLRQSUREOHPHWF)DUMDQDHWDOFRQGXFWHGWKHOLIHF\FOHDVVHVVPHQWRIFREDOWH[WUDFWLRQ





H[WUDFWLRQ FUXVKLQJ PLOOLQJ JUDYLW\ PHWKRG JULQGLQJ VXOSKLGH IORWDWLRQ DQG URDVWLQJ ,Q WKH K\GUR
PHWDOOXUJ\VWDJHWKHFHPHQWHGFDUELGHRUHLVGLJHVWHGILOWUDWHGSUHFLSLWDWHGH[WUDFWHGXVLQJVROYHQWDQG
ILQDOO\FU\VWDOLVHG,QWKHS\URPHWDOOXUJ\VWDJHWKHRUHJRHVWKURXJKFDOFLQDWLRQK\GURJHQUHGXFWLRQDQG
FDUEXUL]DWLRQ ,Q WKH SRZGHU PHWDOOXUJ\ VWDJH WKH RUH JRHV WKURXJK SRZGHU PLOOLQJ JUDQXODWLRQ DQG






0DQJDQHVH LVDQHVVHQWLDOHOHPHQW IRUEDWWHULHV IHUWLOLVHUVDQGFKHPLFDOV0DQJDQHVH LVDZLGHO\XVHG
DOOR\LQJ HOHPHQW FRPHV LQ FRQMXQFWLRQ WR PDNH IHUURDOOR\V 7KH PDQJDQHVH DOOR\ LV SURGXFHG XVLQJ


































































FUXVKLQJ VFUHHQLQJ DQG UHILQLQJ:HVWIDOO HW DO FRQGXFWHG DQ/&$VWXG\EDVHGRQPDQJDQHVH DOOR\V
ZKHUHGDWDVHWVZHUHFROOHFWHG IURPRUHDQGDOOR\SURGXFHUV7KH DXWKRUVKDYHFRQGXFWHGDFUDGOHWR
JDWH /&$ RI VLOLFRPDQJDQHVH IHUURPDQJDQHVH DQG UHILQHG IHUURPDQJDQHVH 7KH LPSDFW FDWHJRULHV
FRQVLGHUHGZHUH*:3$332&3ZDWHUDQGZDVWH7KHDQDO\VLVZDVGRQHXVLQJ&0/PHWKRG




WDQN VFUHHQLQJ FUXVKLQJJULQGLQJ DQGSDFNDJLQJ5XDQHW DO DQDO\VHG WKH/&$RIPDJQHVLXPR[LGH
ZKHUH WKH IXQFWLRQDO XQLWZDV  WRQQH7KH\ VKRZHG WKDW0J2KDV D ORZHU LPSDFW RQ HFRV\VWHP DQG
UHVRXUFHVEXWODUJHU LPSDFWRQ KXPDQKHDOWK7KHDQDO\VLVZDVGRQHXVLQJ(FR,QGLFDWRUPHWKRG7KH\
FRQVLGHUHG ILYH GLIIHUHQW FDVH VFHQDULRV EDVHG RQ IRVVLO IXHO DQG UDZPDWHULDO FRQVXPSWLRQ 5XDQ DQG
8QOXHU
6LOYHUPHWDO LV PRVW ZLGHO\ XVHG IRU LQGXVWULDO SXUSRVHV RU IRUPDNLQJ MHZHOULHV 7KHUH DUH YHU\ IHZ
VWXGLHVZKLFKDGGUHVVHGWKHHQYLURQPHQWDOLPSDFWRIVLOYHUPLQLQJSURFHVVHV)DUMDQDHWDODQDO\VHGWKH
HQYLURQPHQWDOEXUGHQVDVVRFLDWHGZLWKJROGVLOYHUOHDG]LQFFRSSHUEHQHILFLDWLRQSURFHVV)DUMDQDHWDO








FUDGOHWRJDWH WLWDQLXP R[LGHV SURGXFWLRQ ,OPHQLWH DQG UXWLOH ZHUH FRQVLGHUHG ZKHUH WKH JHRJUDSKLF
UHJLRQ FRQVLGHUHGZDV IRU$XVWUDOLD 7KH GDWDVHWV ZHUH FROOHFWHG IURP$XV/&, GDWDEDVH DQG 6LPD3UR






SURFHVV )DUMDQD HW DO
F
(XWURSKLFDWLRQ DQG JOREDO ZDUPLQJ
LPSDFWV DUH KLJKHU GXH WR HOHFWULFLW\
FRQVXPSWLRQ
$OWHULQJ WKHHOHFWULFLW\JHQHUDWLRQ








NHURVHQH WDLOLQJV ZDWHU DQG
HOHFWULFLW\
,Q IXWXUH LPSURYHPHQW LQ /&,






7KH HOHFWULFLW\ GHPDQG IXHO
FRQVXPSWLRQGXULQJVPHOWLQJZHUH WKH
SULPDU\FRQWULEXWRUVIRULPSDFW






DQG UHVRXUFHV EXW ODUJHU LPSDFW RQ
KXPDQKHDOWK
$Q H[WHQVLYH GDWDEDVH ZLWK
GHWDLOHG /&, VKRXOG EH EXLOW WR
FRQGXFW GHWDLOHG /&$ DQDO\VLV
0RUHRYHU UHGXFWLRQ RI FDUERQ



































































/&$ RI WLWDQLXP R[LGHV
LQ $XVWUDOLD 6KDKMDGL




HQHUJ\ FRQVXPSWLRQ DQG HOHFWULFLW\
XVH
(OHFWULFLW\ JULG PL[ KDYH
VLJQLILFDQW LPSDFW RQ WKH
HQYLURQPHQWDO LPSDFW DQDO\VLV





*ROGVLOYHU EHQHILFLDWLRQ KDV KLJKHVW
LPSDFWRYHUWKHRWKHUPHWDOV
0RGLILFDWLRQLQWKHHOHFWULFLW\JULG
PL[ WR HQKDQFH WKH HQHUJ\





*ROGVLOYHU UHILQLQJ IURP WKH FRXSOH




$OWHULQJ WKH VWDLQOHVV VWHHO
DOOR\LQJ SURSHUWLHV ZRXOG EH
EHQHILFLDOIRUVXVWDLQDELOLW\
 'LVFXVVLRQ
7KLV FKDSWHU GLVFXVVHV WKH NH\ DVSHFWV RI WKH UHVHDUFK DUWLFOHV RQ OLIH F\FOH DVVHVVPHQW RI PHWDO DQG
PLQLQJ LQGXVWULHV $QDO\VLV UHVXOWV FDQ EH GLVFXVVHG EDVHG RQ D FRPELQDWLRQ RI WKUHH GLIIHUHQW
SHUVSHFWLYHV  PLQLQJ WHFKQRORJLHV HQYLURQPHQWDO LPSDFWV DQG HQHUJ\ FRQVXPSWLRQ DQG LQWHJUDWLRQ
$FFRUGLQJWRWKHGLVFXVVLRQRQ WKH/&$UHVXOWVSUHVHQWHGLQWDEOHZKLFK GHVFULEHVWKHNH\ILQGLQJVRI
WKHVHUHVHDUFKSDSHUVRQ/&$ EDVHGRQPHWDOW\SHLWLVTXLWHHYLGHQWWKDWWKHFRPPRQUHDVRQIRUODUJHVW





IRUKHDWJHQHUDWLRQFUHDWHVJUHDWHUHQYLURQPHQWDO LPSDFWVJHQHUDWHG IURP WKHPLQLQJVWDJH$PRQJ WKH
FRSSHU PLQLQJ VWHSV VROYHQW H[WUDFWLRQ DQG HOHFWURZLQQLQJ LQ K\GURPHWDOOXUJ\ FDXVHV JUHDWHU
HQYLURQPHQWDOLPSDFWUDWKHUWKDQIRUS\URPHWDOOXUJ\GXHWRHOHFWULFLW\IRVVLOIXHOXVHIRUKHDWJHQHUDWLRQ
DQG VWHHO XVH *ROG PLQLQJ LV LPSDFWIXO LQ PLQLQJ DQG FRPPLQXWLRQ VWDJH GXH WR ZHOO ILHOG UHODWHG








ZHOOILHOGUHODWHGVWDJHVDQGWKHPLQLQJVWDJHFDXVH WKHJUHDWHVW HQYLURQPHQWDOLPSDFWRI XUDQLXPPLQLQJ
GXH WR HOHFWULFLW\ XVDJH XVH RI FKHPLFDOV DQG LQGLUHFW HPLVVLRQV ,Q VXPPDU\ PLQLQJ DQG H[WUDFWLRQ
VWDJHV PDGH WKH JUHDWHVW FRQWULEXWLRQ LQ FHPHQWHG FDUELGH FRDO JROG WLWDQLXP R[LGHV DQG ]LQF
SURGXFWLRQ 6PHOWLQJ DQG UHILQLQJ VWHSV FDXVH D KLJKHU LPSDFW IRU DOXPLQLXP IHUURDOOR\ QLFNHO DQG
PDQJDQHVHPLQLQJZKLFKDUHGXHWRVLJQLILFDQWDPRXQWRIHOHFWULFLW\FRQVXPHGLQVPHOWLQJRSHUDWLRQ
)URPWKHGLVFXVVLRQSUHVHQWHGDERYHDQGLQ WDEOH  LW LVTXLWHHYLGHQWWKDWPRVWRI WKHHQYLURQPHQWDO
HPLVVLRQVIURPPLQLQJLQGXVWULHVDUHGXHWRHOHFWULFLW\FRQVXPSWLRQDQGIRVVLOIXHOXVDJHZKDWHYHUWKH



































































JHQHUDWLRQ $PRQJ WKHVH IRVVLO IXHO XVH FDQ EH UHGXFHG RU UHSODFHG E\ LQWHJUDWLQJ UHQHZDEOH HQHUJ\
UHVRXUFHV 5HQHZDEOH HQHUJ\ FDQ EH XVHG DV DQ DOWHUQDWLYH IXHO WR JHQHUDWH HOHFWULFLW\ RU WR SURGXFH
SURFHVV KHDW 6HYHUDO /&$ VWXGLHV DVVHVVHG WKH HQYLURQPHQWDO LPSDFW VFHQDULRZLWK WKH LQWHJUDWLRQ RI
UHQHZDEOH HQHUJ\ UHVRXUFHV LQ PLQLQJ LQGXVWULHV 7KHUH FRXOG EH UHSODFHPHQW E\ GLIIHUHQW W\SHV RI
UHQHZDEOHVHLWKHUSDUWLDOO\RUFRPSOHWHO\$QRWKHUPDMRUUHDVRQLV WKHHOHFWULFLW\ JULGPL[ZKLFKYDULHV
IURPRQHFRXQWU\WRDQRWKHU 7KHJULGPL[LVDFRPELQDWLRQRIIXHOVRXUFHVXVHGWRJHQHUDWHHOHFWULFLW\








$QRWKHU PDMRU SDUW LV WKH LQWHJUDWLRQ RI UHQHZDEOH UHVRXUFHV WR JHQHUDWH SURFHVV KHDW LQ PLQLQJ
5HJDUGLQJ VRODU HQHUJ\ WHPSHUDWXUHV EHORZ  &HOVLXV FRXOG HDVLO\ EH DFKLHYHG E\ QRQ&67 QRQ
FRQFHQWUDWHGVRODUWKHUPDO WHFKQRORJLHV7HPSHUDWXUHVUDQJLQJEHWZHHQ WR &HOVLXVLVSRVVLEOH
WRJHQHUDWHZLWKSULPDU\&67 FRQFHQWUDWHGVRODUWKHUPDO WHFKQRORJLHV7KHUHDUHIHZLQGXVWULHVLQWKH
ZRUOGZKHUHDOUHDG\SURFHVVKHDWLQWHJUDWLRQLVRSHUDWLQJZLWKVRODUWHFKQRORJLHV )HZPLQHVLQ&KLOHDUH
XWLOLVLQJ VRODU SURFHVV KHDW IRU HOHFWURZLQQLQJ RSHUDWLRQV 6RXWK$IULFD LV XVLQJ VRODU SURFHVV KHDW IRU
PLQLQJDQGFOHDQLQJRSHUDWLRQV&\SUXV$XVWULD,QGLDDQG*HUPDQ\DUHDOVRXVLQJVRODUSURFHVVKHDWIRU
GLIIHUHQW ORZWHPSHUDWXUH PLQLQJ RSHUDWLRQVZKLFK DOO RSHUDWH EHORZ  &HOVLXV7KH DYDLODELOLW\ RI
VRODUHQHUJ\DOVRYDULHVGHSHQGLQJRQWKHODWLWXGHDQGORQJLWXGHLUUDGLDWLRQDQGPDQ\RWKHUIDFWRUV1RW
DOOPLQHUFRXQWULHVFRXOGKDYHWKLVUHQHZDEOHVRXUFHRIHQHUJ\
2WKHU WKDQ HQHUJ\ LQWHJUDWLRQ WKHUH DUH VRPH WHFKQRORJLFDO IDFWRUV ZKLFK DIIHFW WKH HQYLURQPHQWDO
LPSDFWVRIPLQLQJSURFHVVHV² WKH PRVWLPSRUWDQWIDFWRUZKLFKZDVGLVFXVVHG LQDOPRVWHYHU\SDSHUWKDW
RUHJUDGHHIIHFWVODUJHO\RQHQYLURQPHQWDOEXUGHQVDVVRFLDWHGZLWKPLQLQJ7KHGHHSHUZRXOGWKHPLQLQJ




































































































'XVW*:3$3 0LQLQJ GXH WR HOHFWULFLW\ XVDJH GLHVHO RLO FRQVXPSWLRQ
IRVVLOIXHOXVHRIVWHHODQGKHDW
&RSSHU (NPDQ












*ROG &KHQ HW DO
















$JJORPHUDWLRQ ORDGLQJ DQG KDXODJH RUH SURFHVVLQJ










1LFNHO .KRR HW DO
 0LVWU\ HW DO

*+* 3ULPDU\ H[WUDFWLRQ QLFNHO UHGXFWLRQ DQG VPHOWLQJ GXH WR
HOHFWULFLW\XVDJHFRDOFRQVXPSWLRQWRSURGXFHVWHDP
5DUH HDUWK HOHPHQW




















+LVDQ )DUMDQD HW DO
*+* )XHOHQULFKPHQWZHOOILHOGUHODWHGDFWLYLWLHVOHDFKLQJGXH














































































WKH OLWHUDWXUHRQ WKH OLIHF\FOH HQYLURQPHQWDO LPSDFWDQDO\VLVRIPHWDOPLQLQJ LQGXVWULHV 6L[WHHQPHWDO
PLQLQJ LQGXVWULHV DUH LGHQWLILHG ZKLFK KDYH WKH VLJQLILFDQW UHVHDUFK RXWSXW WKDW TXDQWLILHG WKH
HQYLURQPHQWDO HIIHFWV EDVHG RQ/&$PHWKRGV$ FRPSUHKHQVLYH FRPSLODWLRQ RI WKHSXEOLVKHG ZRUN LV
EHLQJ FDUULHG RXW DQDO\VHG FRPSDUHG WKH LPSDFWIXO PLQLQJ PDWHULDOV SURFHVVHV ZKLFK DUH HQHUJ\
LQWHQVLYHWKXVKDUPIXOIRUJOREDOHQYLURQPHQWDOVXVWDLQDELOLW\$FFRUGLQJWRWKHILQGLQJVSUHVHQWHGLQWKLV




DVVHVVPHQW ZKLFK ZHUH XWLOLVHG IRU PLQLQJ LQGXVWULHV /LPLWDWLRQV RI WKHVH VWXGLHV DQG IXWXUH
UHFRPPHQGDWLRQ WR LPSURYH WKH HQYLURQPHQWDO VXVWDLQDELOLW\ DUH DOVR SUHVHQWHG 7KH PRVW LPSRUWDQW
FKDOOHQJH LV WKH UHSODFHPHQW RI HQHUJ\ JHQHUDWLRQ UHVRXUFHV E\ UHQHZDEOHV ZKLFK FRXOG VLJQLILFDQWO\
UHGXFHWKHJURVVHQHUJ\UHTXLUHPHQWVDQGJOREDOZDUPLQJSRWHQWLDOWRDFKLHYHWKHVXVWDLQDELOLW\JRDOVIRU

,Q VXPPDU\ WKHUH DUH VRPH OLPLWDWLRQV DQG IXWXUH UHFRPPHQGDWLRQV IRFXVHG RQ/&$ WHFKQLTXHV DQG
PHWKRGV DVIROORZV
D 'HYHORSPHQW RI JOREDO /&$ PHWKRG ZKLFK ZRXOG EH DSSOLFDEOH LUUHVSHFWLYH RI WKH JHRJUDSKLF
UHJLRQRIWKHPLQLQJ FRPSDQ\






$FFRUGLQJ WR WKH DQDO\VLV UHVXOWV SUHVHQWHG LQ WKLV VWXG\ LW LV HYLGHQW WKDW WKH PLQLQJ LQGXVWU\ LV
FRQVLGHUDEO\ DIIHFWLQJJOREDOZDUPLQJSRWHQWLDODQGKXPDQKHDOWKFDUFLQRJHQLFDQGQRQFDUFLQRJHQLF
7KH IROORZLQJPHDVXUHV FRXOG EH DGRSWHG IRU VLJQLILFDQW UHGXFWLRQ LQ WKH HPLVVLRQ GXULQJ WKHPLQLQJ
SURFHVVHV
D 5HSODFHPHQWRIHOHFWULFLW\JHQHUDWLRQVRXUFHVE\ UHQHZDEOHV LV RISDUDPRXQW LPSRUWDQFH 7KH
FKRLFHRIUHQHZDEOHHQHUJ\UHVRXUFHZRXOGEHGHSHQGHQWRQWKHJHRJUDSKLFORFDWLRQRIWKHPLQH
DYDLODELOLW\RIHQHUJ\UHVRXUFHVDQGWKHFDSLWDOFRVWRIUHSODFHPHQW
E 3URFHVV KHDW JHQHUDWLRQ VRXUFHV FRXOG EH DOWHUHG E\ UHQHZDEOHV 0LQLQJ SURFHVVHV VKRXOG EH




































































F 6RXUFLQJ KLJK JUDGHPLQLQJ RUHZRXOG EH EHQHILFLDO IRU WKH HQYLURQPHQWZKLFKZLOO FRQVXPH
OHVVHQHUJ\LQWKHIRUPRIHOHFWULFLW\DQGKHDW DQGOHVVHTXLSPHQWWRH[WUDFWPLQHGRUH
G 'HFUHDVLQJ WKHXVHRI LQRUJDQLFFKHPLFDOV IRU OHDFKLQJRU LQFUHDVLQJ WKHHIILFLHQF\RI OHDFKLQJ




































































































































































































































































































































































































































































































































7KLV UHYLHZ SDSHU DQDO\VHG DQG VXPPDULVHG WKH VLJQLILFDQW UHVHDUFK RXWSXWV SXEOLVKHG RQ WKH





DQG FOLPDWH FKDQJH 0LQLQJ SURFHVVHV X8VH RI KHDY\ HTXLSPHQW WKDW FRQVXPHV HOHFWULFDO HQHUJ\
PHFKDQLFDOHQHUJ\DQGHQRUPRXVDPRXQWRISURFHVVKHDW LVDNH\FRQWULEXWRURIWKHRYHUDOO LPSDFWVLQ
WKHLQGXVWU\'XHWRWKHXVHRIKHDY\HTXLSPHQWDQG FRUUHVSRQGLQJ DVVRFLDWHG HQHUJ\FRQVXPSWLRQWKHVH
LQGXVWULDOVHFWRUFRQWULEXWHQRWDEO\SRVHV DVHYHUH WKUHDW WR JOREDOZDUPLQJKXPDQKHDOWKHFRV\VWHPV
DQG UHVRXUFHV $VVHVVPHQW DQG TXDQWLILFDWLRQ RI WKH HQYLURQPHQWDO HIIHFWV FDXVHG E\ WKH PLQLQJ
LQGXVWULHV GXHWRHQHUJ\FRQVXPSWLRQ KDYH EHHQ DNH\IRFXV RIWKHVFLHQWLILFFRPPXQLW\IRU WKHODVW 
\HDUV $PRQJ WKH YDULRXV HQYLURQPHQWDO LPSDFW DVVHVVPHQW WRROV ZKLFK DUH ZLGHO\ XVHG WR LGHQWLI\
VXVWDLQDELOLW\LQGLFDWRUVOLIHF\FOHDVVHVVPHQW /&$ LVDZHOOMXVWLILHG VFLHQWLILFWRRODSSURDFKDPRQJWKH
SUDFWLWLRQHUV DQGUHVHDUFKHUV7KRXJKVWDWHRIWKHDUWWHFKQRORJLFDOWRROVDQGUHVRXUFHVDUHEHLQJXVHGQRZ
DGD\VWKHUHLVVWLOO D UHVHDUFKJDSLQLGHQWLI\LQJWKHNH\PLQLQJSURFHVVHV ZKLFKQHHGWREHWKHIRFXVRI
DWWHQWLRQ5HQHZDEOHHQHUJ\LQWHJUDWLRQLQWKHPLQHUDOSURFHVVLQJVHFWRU DQGSURFHVVKHDWLQJIURPJUHHQ









0LQLQJ DQG PLQHUDO SURFHVVLQJ PHWDO LQGXVWULHV FRQWULEXWH D JLJDQWLF VKDUH LQ D QDWLRQ¶V HFRQRP\ LQ
DGGLWLRQ WR VXSSO\LQJ WKH LQYDOXDEOH UHVRXUFHV IRU PRGHUQ FLYLOL]DWLRQ DUH LPSRUWDQW QRW RQO\ IRU
LQGXVWULDOFRQVXPHUV EXWDOVRIRUJRYHUQPHQWVVWDNHKROGHUV0RVWLPSRUWDQWO\WKLVVHFWRUSOD\VDFUXFLDO
UROH LQ VXVWDLQDEOH HFRQRPLF GHYHORSPHQW DQG RYHUDOO *'3 JURZWK  7R NHHS SDFHZLWK WKH JURZLQJ
GHPDQGRIWKHVXVWDLQDEOHZRUOG:RUOG(FRQRPLF)RUXPLV ZRUNLQJDLPLQJWRPDNHWKHPLQLQJZRUOG
VXVWDLQDEOH E\  7KHUH DUH D IHZ JRDOV ZKLFK VKRXOG EH DFKLHYHG DQG VHYHUDO LQGXVWULDO PLQLQJ
JRYHUQLQJ ERGLHV DUH ZRUNLQJ WR VHWWOH WKRVH JRDOV 7KHVH DUH GULYHUV RI FKDQJH WUDQVLWLRQDO DUHDV
UHVRXUFH VFHQDULR LQ IXWXUH DQG DFWLRQ SODQV 7KH GULYHUV RI FKDQJH FDQ EH FODVVLILHG LQWR ILYH W\SHV
5HYLVHG0DQXVFULSW+LJKOLJKWHG9HUVLRQZLWKFKDQJHVPDUNHG
&OLFNKHUHWRGRZQORDG5HYLVHG0DQXVFULSW+LJKOLJKWHG9HUVLRQZLWKFKDQJHVPDUNHG5HYLVHGSDSHUB0DUNHGGRF
HQYLURQPHQWDO WHFKQRORJLFDO VRFLHWDO JHRSROLWLFDO DQG JHRJUDSKLF IRU WKH JURZLQJ QHHG LQ WKH
HQYLURQPHQWDO HIIHFW¶V PDQDJHPHQW LQ WKH ILHOG RI FOLPDWH FKDQJH ELRGLYHUVLW\ DQG ZDWHU :RUOG
HFRQRPLF IRUXP DOVR RXWOLQHG WKH NH\ PLQLQJ DQG PLQHUDO VHFWRUV ZKLFK DUH FUXFLDO IRU VHWWLQJ WKH
VXVWDLQDEOHGHYHORSPHQWJRDOE\DOXPLQLXPLURQQLFNHOFRSSHUDQG]LQFPLQLQJ 5DQlQJHQDQG
/LQGPDQ:25/'(&2120,&)2580,QOLQHZLWKWKHHFRQRPLFGHPDQGDQGJURZWK
WKH HQYLURQPHQWDO HIIHFWV DQG LWV FRQVHTXHQFHV DUH DOVR LQFUHDVLQJ H[SRQHQWLDOO\ 6XVWDLQDEOH
GHYHORSPHQWPHDQW WR DQ DFFRUG EHWZHHQ HFRQRPLF DFWLYLW\ DQG HQYLURQPHQWDO FRQFHUQV 7KH JRDO RI
VXVWDLQDEOHGHYHORSPHQWLQPLQLQJLQGXVWULHVLVWRLQFUHDVHPHWDO SURGXFWLRQLQVXFKDZD\WKDWLWVKRXOG
DVFHUWDLQ WKHFRVWDQGHIILFLHQF\ZLWKRXWVLJQLILFDQWO\ UHGXFLQJ WKHSRWHQWLDO IRU IXWXUHJHQHUDWLRQ 7KH




WR FOLPDWH FKDQJH ZDWHU DQG ELRGLYHUVLW\ ± WKH FRQVLGHUDWLRQV RI HQYLURQPHQWDO VLGH RI VXVWDLQDEOH
GHYHORSPHQW $FFRUGLQJ WR SULQFLSOH QXPEHU VL[ FRQWLQXRXV LPSURYHPHQW VKRXOG EH SXUVXHG LQ
HQYLURQPHQWDO LVVXHV OLNHZDWHU FOLPDWHFKDQJH DQGHQHUJ\XVH *RUPDQDQG']RPEDN0XGG
7RVWHWDO
5HJDUGLQJ2Q WKH VXEMHFW RI WKH HQYLURQPHQWDO LPSDFWV RI PLQLQJ DQG PLQHUDO SURFHVVLQJ LW FDQ EH
JHQHUDOO\ FODVVLILHG DV ZDVWH PDQDJHPHQW DFLG PLQH GUDLQDJH VHGLPHQWDWLRQ PHWDOV GHSRVLWLRQ DQG
ELRGLYHUVLW\ 7KH 0LQLQJ SURFHVVHV SURGXFH WRR PXFK FRQVLGHUDEOH DPRXQW RI ZDVWH RXWSXWV ZKLFK
GHSHQGV RQ WKH LV GHWHUPLQHG E\ WKH W\SH RIPLQHUDO WR EHPLQHG DQG W\SH RI RUH GHSRVLW ,W LV YHU\




IURP PLQLQJ ZKLFK RFFXUV IURP VXOILGLF PLQHUDOV &RQWDPLQDWLRQ RI DFLGLF ZDWHU RQ VXUIDFH DQG
JURXQGZDWHUUHVRXUFHVWKUHDWHQVWKHDTXDWLFOLIHDQGSODQWV0HWDOVDQGUHDJHQWVXVHGIRUSURFHVVLQJWKH
VLJQLILFDQWDPRXQWRIPLQHUDOVDUHDOVRJHWVUHOHDVHGLQWRWKHHQYLURQPHQWVJHWVPL[HGDQGWKUHDWHQVWKH
OLIH RI DTXDWLFV DQG SODQWV 5HPRYLQJ WKH SODQWV DQG YHJHWDEOHV IURP WKH RUH PLQLQJ DUHD UHVXOWV LQ
GHIRUHVWDWLRQ WKUHDWHQVWKHVWUXFWXUHRIWKHVSHFLHVZKLFKLVDIIHFWLQJWKHELRGLYHUVLW\&RUWH]/XJRHWDO
)XJLHOHWDO,QWHUQDWLRQDO,QVWLWXWHIRU(QYLURQPHQWDQG'HYHORSPHQW
7KRXJK WKHGHJUHH RIWKHVHHQYLURQPHQWDO LPSDFWVYDULHV IURPRQHPLQH WRDQRWKHU IURPRQHPHWDO WR
DQRWKHUPHWDODQGFRUUHODWHVZLWKWKHYROXPHRISURGXFWLRQWKHQHHGIRULWLVREYLRXVWRGHWHUPLQLQJH
DQG TXDQWLI\LQJ WKH HIIHFWV FDXVHG E\ WKH VHFWRU PLQLQJ LQGXVWULHV LV LQHYLWDEOH WR LGHQWLI\ WKH NH\
SURFHVVHVPDWHULDOVZKLFKDUH UHVSRQVLEOHDFFRXQWDEOH IRUPDMRU HQYLURQPHQWDO HPLVVLRQV DQG LPSDFWV
)RU H[DPSOH WKH NH\ SURFHVVHV DUH SRZHU SODQWV XVHG IRU HOHFWULFLW\ JHQHUDWLRQ GLHVHO KHDW XVHG IRU
SURFHVVKHDWJHQHUDWLRQEODVWLQJ SURFHVVRUWKHRUHPLQLQJ 6+)DUMDQDHWDODE6KDKMDGL




LRQ FDUERQGLR[LGHV QLWURXV R[LGHV VXOSKXU GLR[LGHV DQG SURGXFHV IO\ DVKHVZKLFK DUH SROOXWLQJ WKH
HQYLURQPHQW 'XH WR WKH LQFUHDVLQJ GHPDQG IRU JOREDO GHYHORSPHQW PHWDO H[SORUDWLRQ LV JRLQJ LQWR
GHHSHURI WKH VXUIDFHZKLFKDOVRUHTXLUHVKHDY\HTXLSPHQW WRH[WUDFW ORZHUJUDGHRUHPLQHUDOV7KHVH
ORZHUJUDGHPHWDOH[WUDFWLRQV DOVRGHPDQG KLJKHUFRQVXPSWLRQRIHOHFWULFLW\IRUPRUHHTXLSPHQWLQXVH
+RZHYHULQFUHDVHG HQYLURQPHQWDOHPLVVLRQVKRXOGEHGLYHUVLILHG LQWKHILHOGVRIWKHHQYLURQPHQW JOREDO
ZDUPLQJKXPDQKHDOWKHFRV\VWHPVDQGUHVRXUFHV 6KDKMDGL+LVDQ)DUMDQDHWDOED)DUMDQD
HW DOD
,Q WKHPLQHUDOSURFHVVLQJ LQGXVWULHV IURP LQ WKH ODVW\HDUV WKHUHDUHDURXQGVLJQLILFDQW UHVHDUFK
RXWSXWV WKDW DUH SXEOLVKHG EDVHG RQ WKH OLIH F\FOH DVVHVVPHQW RI VSHFLILFPHWDOPLQLQJ SURFHVVHV RU D
V\VWHPRISURFHVVHV7KHOLIHF\FOHDVVHVVPHQW/&$ UHVXOWVYDU\ IURPRQHVWDQGDUGLVHG /&$PHWKRGWR
DQRWKHUIURPRQHVLPXODWLRQVRIWZDUHWRDQRWKHUDQGIURPRQHPLQLQJPHWDOWRDQRWKHU'HVSLWHDOOWKH
NH\ IDFWRUV WKH UHVSRQVLEOHOLDEOH SURFHVVHV FUXFLDO IRU HQYLURQPHQWDO HPLVVLRQ IRU HDFKPHWDO LV IL[HG
LUUHVSHFWLYHRIWKHTXDQWLILFDWLRQRIUHVXOWV7KLVVWDWHPHQWLVYDOLGDWHGXVLQJWKHUHYLHZSUHVHQWHGLQWKLV





GHVFULEHV WKH /&$PHWKRGV XVHG IRU OLIH F\FOH DVVHVVPHQW VWXGLHV LQ PLQLQJ DQG PLQHUDOV LQGXVWULHV
6HFWLRQ FRPSUHKHQVLYHO\FDWHJRULVHV DQGGHVFULEHVWKH/&$ZRUNVRIPLQHUDOVDQGPLQLQJLQGXVWULHV
6HFWLRQ  FRPSDUHV DQG VXPPDULVHV WKH PDMRU PDWHULDOVSURFHVVHV UHVSRQVLEOH IRU HQYLURQPHQWDO
HPLVVLRQVIURPWKHPLQLQJLQGXVWULHV GHVFULEHVWKHUHVHDUFKJDSVDQGIXWXUHVFRSH WLOOWRGDWHLQWKH/&$
















H[WHQVLYHFRPSUHKHQVLYH OLWHUDWXUHUHYLHZ7KLV VWHSFDQEH WHUPHG DVDFRPSUHKHQVLYH DQDO\VLV RI WKH
H[LVWLQJOLWHUDWXUH ,QWKLVVWDJHDOO WKH VHSXEOLFDWLRQV DUHVWXGLHG LUUHVSHFWLYHRIWKHLUHYDOXDWLRQPHWKRGV
JRDODQGVFRSHRIWKHLUUHVHDUFK7KLVVWDJHDOVRLQYHVWLJDWHGWKHFRPPRQWUHQGVDQGHYDOXDWLRQFULWHULD
IROORZHGE\PLQLQJ/&$VSHFLDOLVWV)XUWKHUPRUH /&$PHWKRGV WKDWZHUHFRQVLGHUHG LQ WKRVHVWXGLHV
IROORZHG LQWKHVHUHVHDUFKZRUNV LVDUHDOVRFODVVLILHGZKLFKLVIXUWKHU LVGHVFULEHG LQ6HFWLRQRIWKLV
UHYLHZ SDSHU /&$ PHWKRGV DUH VXPPDULVHG DV WKHLU LPSDFW DVVHVVPHQW PHWKRGV LQ SUDFWLFH V\VWHP




WKHPHWDOV WKHLU JHQHUDO SURSHUWLHV PLQLQJ SURFHVVHV V\VWHP ERXQGDU\ JHRJUDSKLF ORFDWLRQ VHOHFWHG

















HQYLURQPHQWDO HPLVVLRQV EDVHG RQ VHYHUDO FDWHJRULVHG DQG VWDQGDUGLVHG LPSDFW DVVHVVPHQW FDWHJRULHV
&XUUDQ7KHPDMRUVWHSVLQWKHOLIH F\FOHDVVHVVPHQWFRPSULVH RIJRDODQGVFRSHGHILQLWLRQ/&,





RU FUDGOHWRJUDYH 6WHZDUW DQG 3HWULH  7KH V\VWHP ERXQGDU\ IROORZHG LQ PLQLQJEDVHG /&$
VWXGLHVDUHFUDGOHWRJDWH'XHWRWKHODFN RIHQRXJKGDWDVRXUFHLWLVKDUGWRDVVXPHWKHHQGRIOLIHVWDWH
RIWKHSURFHVVHGPHWDO:KLFKLQWXUQUHVWULFWVWKH/&$VWXG\RQWRWKHFUDGOHWRJDWHSURFHVVHV6DQWHUR





VHOHFWHGPLQHUDORUPHJD WRQQHRI WKDW VHOHFWHGPLQHUDO 7KHJRDORI WKH/&$ZRUNV LV WRDQDO\VH WKH
HIIHFWV RIDSURGXFWRUSURFHVVEDVHGRQWKHLUV\VWHPERXQGDU\DQGFDWHJRULVH WKHLUHPLVVLRQV7HKHWDO
 WKH PDWHULDOV HQHUJ\ LQ WKH IRUP RI UHQHZDEOHV DQG QRQUHQHZDEOHV UHVRXUFHV RUJDQLF DQG
LQRUJDQLF FKHPLFDOV DUH LGHQWLILHG DV WKHPDWHULDO LQSXWV LQ DQ /&$ VWXG\ 7KH RXWSXW SURGXFW ZDVWH
HPLVVLRQV E\SURGXFWV DQG HPLVVLRQV WR VRLO ZDWHU DQG HQYLURQPHQW DUH FRQVLGHUHG DV PDWHULDO RU
SURFHVV RXWSXWV$OWKDXVDQG&ODVVHQ
/LIHF\FOHLQYHQWRU\GDWDVHWV
7KH OLIHF\FOH LQYHQWRU\ GDWDVHWV ZHUH FROOHFWHG IURP VHYHUDO VRXUFHV OLNH FRPSDQ\ UHSRUWV SXEOLVKHG
OLWHUDWXUH ZRUNV UHQRZQHG GDWDEDVHV OLNH (FR,QYHQW86*6$XV/&,+RZHYHU YHU\ IHZ GDWDVHWV DUH


















7KH PHWKRGV WR FRQGXFW WKH OLIH F\FOH DVVHVVPHQW DQDO\VH DUH EDVHG RQ ,62  VWDQGDUGV 7KH
UHQRZQHG DQG ZLGHO\ XVHG /&$ PHWKRGV LQ PLQLQJ LQGXVWULHV DUH &0/ &HQWUH RI (QYLURQPHQWDO
6FLHQFH RI/HLGHQ8QLYHUVLW\ RI6ZHGHQPHWKRG75$&, 7RRO IRU WKH5HGXFWLRQ DQG$VVHVVPHQW RI
&KHPLFDO DQG RWKHU (QYLURQPHQWDO ,PSDFWV PHWKRG ,/&' ,QWHUQDWLRQDO 5HIHUHQFH /LIH &\FOH 'DWD
6\VWHP PHWKRG &(' &XPXODWLYH (QHUJ\'HPDQGPHWKRG DQG ,3&& ,QWHUJRYHUQPHQWDO 3DQHO RQ
&OLPDWH &KDQJH PHWKRG 7KHVH PHWKRGV YDU\ IURP RQH DQRWKHU UHJDUGLQJ FKDUDFWHULVDWLRQ
1RUPDOLVDWLRQ DQGZHLJKWLQJ IDFWRUV LPSDFW FDWHJRULHV DQG JHRJUDSKLF ORFDWLRQ7KH DQDO\VHG LPSDFW
FDWHJRULHVDOVRYDU\ DPRQJWKHPHWKRGV7KHPRVWFRPPRQPLGSRLQWLQGLFDWRUEDVHGSUREOHPRULHQWHG
LPSDFW FDWHJRULHV DUH ++ KXPDQ KHDOWK FDQFHU DQG QRQFDQFHU HIIHFWV && FOLPDWH FKDQJH
HXWURSKLFDWLRQ WHUUHVWULDOPDULQH DTXDWLF DFLGLILFDWLRQ SRWHQWLDO UHVRXUFHV GHSOHWLRQ ODQG DQGZDWHU
XVH DQG HFRWR[LFLW\ 7KH HQGSRLQW LQGLFDWRU GDPDJH RULHQWHG LPSDFW FDWHJRULHV DUH FOLPDWH FKDQJH
KXPDQ KHDOWK HFRV\VWHPV DQG UHVRXUFHV 7KHVH PHWKRGV DUH DOVR JHRJUDSK\ GHSHQGHQW OLNH &0/
PHWKRGVDUHZLGHO\XVHGIRUPDQXIDFWXULQJSURFHVVHVKHOGLQ(XURSHZKHUHDV75$&,PHWKRGLVXVHG IRU
/&$ VWXGLHV EDVHG RQ 86$ -5&  $FHUR HW DO  +LVFKLHU HW DO  -5& (XURSHDQ
FRPPLVVLRQ:ROIHWDO
7KHPRVWFRPPRQOLIHF\FOHDVVHVVPHQWPHWKRGVXWLOLVHG LQPLQLQJLQGXVWULHVZHUH5H&L3HPHWKRGWKH
,3&& PHWKRG DQG $XVWUDOLDQ ,QGLFDWRU PHWKRG 5H&L3H PHWKRG KDV  PLGSRLQWV LQGLFDWRUEDVHG
FDWHJRULHVDQGWKUHHHQGSRLQWVLQGLFDWRUEDVHGFDWHJRULHV7KH5H&L3H LVWKHPRVWXSGDWHG/&$PHWKRG
ZLWK DPLQLPXP QXPEHURI LQGLFDWRU VFRUHV5H&L3HPHWKRG LV FODVVLILHG RQKLHUDUFKLHV LQGLYLGXDOLVW
DQG HJDOLWDULDQ PHWKRG 0RVW LPSRUWDQWO\ WKH 5H&L3H PHWKRG LV SDUWLFXODUO\ IRFXVHG RQ (XURSHDQ
JHRJUDSKLFFRQWLQHQW )XJLHOHWDO0DUJXHULWHHWDO ,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH
&KDQJH ,3&& PHWKRG LV VSHFLDOLVHG LQ JUHHQKRXVH JDV HPLVVLRQV 7KLV PHWKRG DFFHVVHV WKH *+*
HIIHFWVEDVHGRQ\HDUV\HDUVDQG\HDUV¶WLPHVSDQ+LVFKLHUHWDO
2Q WKH RWKHU KDQG $XVWUDOLDQ ,QGLFDWRU PHWKRG LV VSHFLDOLVHG LQ PDWHULDOV DQG SURFHVVHV ORFDWHG LQ
$XVWUDOLDQJHRJUDSKLF UHJLRQ$FFRUGLQJ WR WKHEHVWSUDFWLFHJXLGH LQ OLIHF\FOH DVVHVVPHQW$XVWUDOLDQ
,QGLFDWRUPHWKRGGR QRWFRQWDLQWKHWR[LFLW\HPLVVLRQIDFWRUVDQGWKHFKDUDFWHULVDWLRQ IDFWRUVDUHEDVHG RQ
(XURSHDQFRQWH[W LQKHULWHGIURP&0/PHWKRG6RLW LVQRWSURSHUO\IRFXVHG RQ$XVWUDOLDQJHRJUDSKLF
FRQWH[W /RGKLD DQG0DUWLQ  0DUJXHULWH HW DO  &HQWHU IRU0HWKRGRORJLFDO 'HYHORSPHQW
&0/ PHWKRG GHYHORSHG E\ 8QLYHUVLW\ RI /HLGHQ LQ 1HWKHUODQG LV DQRWKHU ZHOOHVWDEOLVKHG /&$
PHWKRG ZKHUH WKH FKDUDFWHULVDWLRQ IDFWRUV DUH IRFXVHG RQ WKH DYHUDJH YDOXHV RI JOREDO DQG (XURSHDQ
JHRJUDSKLF FRQWH[WZLWKQRZHLJKWLQJ DSSOLHG RQ LW6R WKH UHJLRQDO YDOLGLW\ RI WKLVPHWKRG FRXOG EH
FRQVLGHUHG DVJOREDOH[FHSW IRU WKH$3DQG32&)ZKLFKDUHEDVHG RQ(XURSHDQ IDFWRUV ,QWHUQDWLRQDO
5HIHUHQFH/LIH&\FOH'DWD6\VWHP ,/&'PHWKRG LVGHYHORSHGE\ WKH-RLQW5HVHDUFK&RPPLVVLRQ LQ
(XURSH -5&ZKHUH WKH LPSDFW FDWHJRULHV DUH IRUPHG XVLQJ WKH EDVH RI GLIIHUHQW UHQRZQHGPHWKRGV
,3&& IRU FOLPDWH FKDQJH LQ  \HDUV¶ WLPH VSDQ86(WR[ KXPDQ WR[LFLW\ FDQFHU DQG QRQFDQFHU




PDQ\OLWHUDWXUH ZRUNVEXWVWLOO WKHUHDUHKXJHO\ ODFNLQJUHJDUGLQJ HQYLURQPHQWDOLPSDFWFDWHJRULHV'XH
WRWKHODFN RIFRPSOHWHOLIHF\FOHLQYHQWRU\GDWDVHWVLWZDVDOVRKDUGWRFRPSOHWHIXOO/&$VWXG\IRUPHWDO
LQGXVWULHVZKLFKFRXOGEHDJUHDWUHVHDUFKIRFXVLQIXWXUH$OVRDVHQYLURQPHQWDOLPSDFWVFRXOGQRWEH
UHJLRQDO WKHUH LV VWLOO QHHGLQJ WR GHYHORS D JOREDO /&$ PHWKRG ZKLFK ZRXOG DSSO\ WR SURFHVVHV RU
V\VWHPRISURFHVVHVIRUDQ\UHJLRQ$FHURHWDO0HQRXIL
&KRRVLQJWKHDSSURSULDWH/&$PHWKRGLVDFUXFLDOVWHSLQFRQGXFWLQJDQ/&$+RZHYHU WKLVFKRLFHLV






$OXPLQLXP )DUMDQD HW DO D 1XQH]




*:3 $3 +7 UHVRXUFHV ZDVWH ))'
(8(X2'332&3:)
&HPHQWHGFDUELGH)XUEHUJHWDO 7( 2' )(: )UHVKZDWHU
HFRWR[LFLW\&&32):'












)HUURDOOR\ %DUW]DV DQG .RPQLWVDV 
+DTXHDQG1RUJDWH
*:3$33('






,URQ )HUUHLUD DQG /HLWH  *DQ DQG
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8UDQLXP 6KDKMDGL +LVDQ )DUMDQD HW DO
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&OLPDWHFKDQJH 4XDQWLILFDWLRQ HV EDVHG RQ WKH KXPDQ
DFWLYLWLHV RQ FOLPDWH EDVHG RQ JUHHQKRXVH
JDV HPLVVLRQV 7KLV LV PRVW FRPPRQO\
DFFRXQWHGIRUFDUERQGLR[LGHPHWKDQHDQG
QLWURXVR[LGHHPLVVLRQV
,3&& PHWKRG WR FDOFXODWH *+*
EDVHG RQ  \HDUV\HDUV¶
HPLVVLRQV
5HVRXUFHVGHSOHWLRQ 4XDQWLILHV WKH GHSOHWLRQ RI QDWXUDO &0/ PHWKRG DQG ,/&' PHWKRG
UHVRXUFHV IURP WKH HDUWK EDVHG RQ
FRQFHQWUDWLRQ RI UHVHUYH DQG
GHDFFXPXODWLRQ UDWHTXDQWLW\RI IXHOV UDWLR
RI DQQXDO SURGXFWLRQ WR DYDLODEOH UHVHUYH
GDPDJHWRUHVRXUFHEDVHGRQLQFUHDVHGFRVW
RIH[WUDFWLRQ
EDVHG RQ FRQFHQWUDWLRQ RI UHVHUYH
DQGGHDFFXPXODWLRQUDWH
(XWURSKLFDWLRQ 4XDQWLILFDWLRQ HV EDVHG RQ WKH PDFUR
QXWULHQWV UHOHDVHG RQ WKH HQYLURQPHQW DLU
ZDWHUVRLO,WFDQEHDTXDWLFDQGWHUUHVWULDO
$TXDWLF HXWURSKLFDWLRQ LV TXDQWLILHG EDVHG
RQ DFFHOHUDWHG DOJDH JURZWK UHGXFHG
VXQOLJKW LQILOWUDWLRQ DQG R[\JHQ GHSOHWLRQ
7HUUHVWULDO HXWURSKLFDWLRQ LV TXDQWLILHG
EDVHGRQLQFUHDVHVXVFHSWLELOLW\RISODQWVWR
GLVHDVHV
&0/ DQG ,03$&7  ZKLFK
TXDQWLILHV EDVHG RQ VWRLFKLRPHWULF
QXWULILFDWLRQSRWHQWLDODSSOLFDEOHWR
ERWKFDWHJRULHV
$FLGLILFDWLRQ 4XDQWLILFDWLRQ HV EDVHG RQ WKH DFLGLI\LQJ
LPSDFWV EDVHG RQ ZKHQ DFLG SUHFXUVRU
FRPSRXQGV DUH UHOHDVHG RQWR WKH
HQYLURQPHQW DQG GHSRVLWHG RQ ODQG
WHUUHVWULDO RU ZDWHU DTXDWLF
4XDQWLILFDWLRQ LV PDLQO\ EDVHG RQ QLWURXV
R[LGHV VXOSKXU R[LGHV VXOSKXULF DFLG DQG
DPPRQLD





4XDQWLILHV WKH LPSDFWRI WR[LFLW\ VXEVWDQFH
UHOHDVHG RQ ODQG ZDWHU DQG HQYLURQPHQW
4XDQWLILFDWLRQLVEDVHGRQ XVLQJSHVWLFLGHV
KHDY\ PHWDOV KRUPRQHV DQG RUJDQLF
FKHPLFDOV




4XDQWLILHV WKH LPSDFWV EDVHG RQ LPSDFWV
IURP LQFUHDVH RQ R]RQH IRUPDWLRQ LQ
WURSRVSKHUH 7KH PDLQ FULWHULD DUH WKH
HPLVVLRQ RI QLWURXV R[LGHV FDUERQ
PRQR[LGH DQG WKRVH ZKLFK LPSDFWV RQ
R]RQHIRUPDWLRQ







GLIIHUHQW /&,$ PHWKRGV WKHVH DUH
FKDUDFWHUL]HG XQGHU GLIIHUHQW LPSDFW
FDWHJRULHV




ODQG XVH LQ /&$ DQG LWV HIIHFWV RQ
ELRGLYHUVLW\
&XUUHQWO\QREHVWSUDFWLFHPHWKRGV
IRU ODQG XVH DV QR VLQJOH PHWKRG
TXDQWLILHVDOOOHYHOVRIELRGLYHUVLW\
2]RQHGHSOHWLRQ 4XDQWLILHV WKH LPSDFW EDVHG RQ WKH
UHGXFWLRQLQFRQFHQWUDWLRQRIR]RQH
2]RQH GHSOHWLRQ IDFWRUV SXEOLVKHG





WKH TXDQWLILFDWLRQ RI UDGLRDFWLYH
LPSDFWRQKXPDQKHDOWK
*HRJUDSKLFUHJLRQXQGHUFRQVLGHUDWLRQ
5HJDUGLQJ JHRJUDSKLF UHJLRQ D QXPEHU RI VWXGLHV GLIIHUHQW UHVHDUFK ZRUNV ZHUH IRFXVHG RQ GLIIHUHQW
UHJLRQVEXW WKHPRVW FRPPRQVZHUHEDVHGRQ WZRFRXQWULHV  $XVWUDOLD DQG&KLQD0DQ\ UHVHDUFK RQ
/&$LVEHLQJFDUULHGRXWLQ$XVWUDOLDQJHRJUDSKLFFRQWH[W DOXPLQLXPFRDOFRSSHUIHUURDOOR\JROGLURQ
QLFNHOWLWDQLXPR[LGHVDQG8UDQLXP)RUPLQLQJLQ&KLQD/&$ZRUNHGRQDOXPLQLXPFRDOLURQDQG





RI E\SURGXFWV7KH DOORFDWLRQ WHFKQLTXH FRXOG EH RIPDVVEDVHG HFRQRP\EDVHG RU FDQ EH XVHG DV D
FRPELQDWLRQ RI ERWKPDVV DQG HFRQRP\ 7KH FKDUDFWHULVDWLRQ DQG QRUPDOLVDWLRQ IDFWRUV IRU DOORFDWLRQ
WHFKQLTXHVYDU\DPRQJWKH/&$VRIWZDUHOLNH6LPD3URRU*DEL$FFRUGLQJWRWKHWUHQGIROORZHGE\WKH
PHWDO PLQLQJ LQGXVWULHV LW LV EHVW SUDFWLFH WR DYRLG FRSURGXFW DOORFDWLRQ ZKHQHYHU SRVVLEOH ,W ZDV
DVVXPHG WKDWQRSURGXFWVZHUHJRLQJRXWVLGHWKHV\VWHP RWKHUWKDQWKHPDLQSURGXFW+RZHYHULQPDQ\
SURFHVVHV LWFDQQRW EHDYRLGHG,QWKRVHFDVHVLWLVEHWWHUWRXVHWKHDOORFDWLRQWHFKQLTXHIRFXVHGRQERWK










E\ ERWK 6LPD3UR DQG *DEL VKRXOG SURGXFH UHDVRQDEO\ VLPLODU RXWFRPH FRQVLGHULQJ VLPLODU DQDO\VLV
WHFKQLTXHVDQGGDWDEDVHVDUHXVHGKRZHYHUWKDWLVDOVRVXEMHFWWRUHVHDUFKDQGYDOLGDWLRQ7KLV FDQVKRZ
DQRWKHU SURVSHFWLYH UHVHDUFK GLUHFWLRQ WKDW FRQGXFWLQJ OLIH F\FOH DVVHVVPHQW XVLQJ ERWK 6LPD3UR DQG
*DELXVLQJ WKHVDPHPHWKRGVDQGPDWFK WKHLU UHVXOWVEDVHGRQHDFK LPSDFWFDWHJRULHV 7KHUHPD\EH
ZRXOG VRPH YDULDWLRQ EHFDXVH EHWZHHQ DPRQJ WKH GDWDVHWV JHQHUDWHG IURP GLIIHUHQW FRPSDQLHV WKH
FKDUDFWHULVDWLRQ DQGQRUPDOLVDWLRQ IDFWRUVZRXOG DOVREHGLIIHUHQW*RHGNRRSHWDO/LHWDO
1XQH]DQG-RQHV35p
 ,PSDFW $QDO\VLVEDVHGRQ0HWDO0LQLQJ,QGXVWULHV
7KLV FKDSWHU GHVFULEHV WKH /&$ UHVHDUFK FRQGXFWHG RQ WKH NH\ PLQLQJ DQG PHWDOPLQHUDO SURFHVVLQJ
LQGXVWULHV WKHLU DQDO\VLVPHWKRGV NH\ ILQGLQJV UHVXOWV OLPLWDWLRQV DQG IXWXUH UHFRPPHQGDWLRQV 7KH
PDMRU LQGXVWULHV LQYROYH DOXPLQXP FRDO FRSSHU IHUURDOOR\ JROG LURQ QLFNHO UDUH HDUWK HOHPHQWV




$OXPLQLXP LV D OLJKWZHLJKW DQG FRUURVLRQ UHVLVWDQW PHWDO ZKLFK DUH XVHG LQ DXWRPRELOH LQGXVWULHV
DHURVSDFH LQGXVWULHV EHYHUDJH PDNLQJ DOOR\V DQG HOHFWURQLFV LQGXVWULHV 7KH WRS FRXQWULHVZKLFK DUH





DO DQDO\VHG /&$RI WKH DOXPLQLXP VXSSO\ FKDLQZKLFK FRQVLVWV RI WKH UHILQHU\ VPHOWHU DQG D FDVWLQJ
SODQW7KHJHRJUDSKLFDOFRYHUDJHZDV$XVWUDOLD DQG LWZDVDFUDGOHWRJDWH/&$VWXG\7KHDQDO\VLVZDV
GRQH XVLQJ 6LPD3URZLWK(',3 (QYLURQPHQWDO'HVLJQ RI ,QGXVWULDO 3URGXFWV 7KH LPSDFW FDWHJRULHV
ZKLFKZHUHDVVHVVHGJOREDOZDUPLQJSRWHQWLDO *:3DFLGLILFDWLRQSRWHQWLDO $3KXPDQWR[LFLW\ +7
UHVRXUFHVEXLOWZDVWH7DQFRQVLGHUHGIRXUVFHQDULRVLQFOXGLQJWKHEDVHOLQHPRGHRI RSHUDWLRQDQGRWKHU
VFHQDULRV ZHUH FRQVWUXFWHG DIWHU PRGLI\LQJ WKH VFUDS PHWDO DQG UHG PXG 7KHLU UHVXOWV UHYHDOHG WKDW
HOHFWULFLW\ XVH LQ VPHOWLQJ DQG UHILQLQJ SURFHVV LV PDLQO\ UHVSRQVLEOH IRU *:3 *OREDO :DUPLQJ
3RWHQWLDO DQG +7 +XPDQ 7R[LFLW\ $3 $FLGLILFDWLRQ 3RWHQWLDO LV GXH WR VXOIXU GLR[LGH 62
JHQHUDWLRQIURPWKHSRZHU SODQWDQGWUDQVSRUWDWLRQV\VWHP7KHLUVWXG\UHYHDOHGWKDWUHGXFLQJWKHVFUDS
PHWDO DQG UHGPXGFRXOGVLJQLILFDQWO\ UHGXFH WKH LPSDFWV IURPDOXPLQLXPSURGXFWLRQ 7DQDQG.KRR

3DUDVNHYDVHWDO DQDO\VHG DOXPLQLXP SURGXFWLRQDIWHUFRPSDULQJHOHFWULFLW\PL[RIFRXQWULHV7KHLU
GDWDVHWVDUHRULJLQDWHG IURP(FR,QYHQW DQG86*6GDWDEDVHVZKHUHDV DQDO\VHG XVLQJ6LPD3UR VRIWZDUH
DQG5H&L3HPHWKRG(OHFWULFLW\JHQHUDWHGIURPK\GURSRZHUFRDOJDVQXFOHDUELRIXHOJHRWKHUPDOVRODU
DUH FRQVLGHUHG WKHUH7KH\ DVVXPHG WKDW HOHFWULFLW\ LV JULG GHSHQGHQW DQG QRW WUDGHG DPRQJ WKH
FRXQWULHV$FFRUGLQJWR3DUDVNHYDVDPRXQWRIJUHHQKRXVHJDVHPLVVLRQVIURPDOXPLQLXPSURGXFWLRQLV
*W&2 HT$OXPLQLXPSURGXFWLRQUHTXLUHV0-HQHUJ\SHUNJ0RUHWKDQHLJKW\SHUFHQW LV
IRUHOHFWULFLW\JHQHUDWLRQ LQ+DOO+HURXOWSURFHVV7KH\ LGHQWLILHG WKDWFRXQWULHVZLWKKLJKFRDO DQG RLO
ULFK PL[KDYHKLJKHU HPLVVLRQ UHVXOWV UDWKHU WKDQ FRXQWULHVXVLQJFOHDQHU WHFKQRORJLHV7KH\ KDYH DOVR
VWDWHGWKDWFRXQWULHVZLWKVLPLODU HOHFWULFLW\PL[VKRZ VLPLODU*+* *UHHQKRXVH*DV(PLVVLRQ UHVXOWV
3DUDVNHYDVHWDO
$QRWKHUVWXG\FRQGXFWHGE\1XQH]HWDO ZKHUHWKHGDWDVHWVDUHFROOHFWHG E\WKH,QWHUQDWLRQDO $OXPLQLXP
,QVWLWXWH ,$, KDYH VWXGLHG SULPDU\ DOXPLQLXP SURGXFWLRQ SURFHVV DQG XVHG *DEL VRIWZDUH 7KH
JHRJUDSKLF UHJLRQ XQGHU FRQVLGHUDWLRQ ZDV JOREDO DQG JOREDO PLQXV &KLQD 1XQH] FRQVLGHUHG VL[
PLGSRLQWVLQGLFDWRUEDVHG FDWHJRULHV*:3 JOREDOZDUPLQJSRWHQWLDO$3DFLGLILFDWLRQSRWHQWLDO))'
IRVVLO IXHO GHSOHWLRQ (8 HXWURSKLFDWLRQ 2'3 R]RQH GHSOHWLRQ SRWHQWLDO 32&3 SKRWRR[LGDQW
FUHDWLRQ SRWHQWLDO DQG :63 ZDWHU VFDUFLW\ SRWHQWLDO 7KHLU LGHQWLILFDWLRQ DOVR UHYHDOV WKH IDFW WKDW
KLJKHVWFRQWULEXWLRQRI*+*LVIURPDOXPLQDUHILQLQJDQGHOHFWURO\VLVSURFHVV'LUHFWHPLVVLRQVIURPWKH
HOHFWURO\VLV SURFHVVDOVRFRQWULEXWH ODUJHO\ WR *+* 1XQH]DQG-RQHV)DUMDQDHWDO VWXGLHG WKH
FUDGOHWRJDWHFRPSOHWH/&$RIIRXUPDMRUVWHSVFRQFHUQLQJIURPWKHEDX[LWHPLQLQJWRDOXPLQDUHILQLQJ
SURFHVVHV7KH\KDYHDOVRFRQGXFWHGWKHVHQVLWLYLW\DQDO\VLVDPRQJWKHTXDQWLW\RIIRVVLOIXHOXVHGEDVHG





















UHVXOWV DQG FRXQWULHV ZLWK VLPLODU
HOHFWULFLW\ PL[ VKRZ VLPLODU *+*
UHVXOWV
7R UHGXFH WKH HQYLURQPHQWDO
LPSDFWV IURP DOXPLQLXP
SURGXFWLRQ LW VKRXOG VWDUW E\
IRFXVVLQJ RQ &KLQD GXH WR WKHLU
HQHUJ\ PL[ $OO WKH DOXPLQLXP





UHYHDOV WKH IDFW WKDW KLJKHVW
FRQWULEXWLRQ RI *+* LV IURP DOXPLQD
UHILQLQJ DQG HOHFWURO\VLV SURFHVV
'LUHFW HPLVVLRQV IURP WKH HOHFWURO\VLV
SURFHVVDOVRFRQWULEXWH ODUJHO\WR *+*
'XH WR LQFUHDVHG SURGXFWLRQ RI
DOXPLQXP LQ &KLQD PRUH /&,
GDWDVHWV DUH UHTXLUHG IRU
PRGHOOLQJ WR HQKDQFH WKH






(OHFWULFLW\ DQG SURFHVV KHDW
FRQVXPSWLRQ LQ DOXPLQD VPHOWLQJ KDV
WKHKLJKHVWLPSDFW
$OWHUQDWLYH HQHUJ\ JHQHUDWLRQ
VRXUFH DQG LPSURYHPHQW LQ
HQHUJ\ HIILFLHQF\ ZRXOG EH
EHQHILFLDOIRUVXVWDLQDELOLW\
/&$LQFRDO PLQLQJ
&RDO LV D ZLGHO\ XVHG IRVVLO IXHO XVHG IRU HOHFWULFLW\ JHQHUDWLRQ RU SURFHVV KHDW JHQHUDWLRQ &RDO LV
H[WUDFWHG RQ WKHHDUWKFUXVWEDVHGRQRSHQFDVW DQGXQGHUJURXQGPLQLQJ7KHPDMRUPLQHUVRIFRDODUH
8NUDLQH.D]DNKVWDQ6RXWK$IULFD&KLQD8QLWHG6WDWHV DQG $XVWUDOLD &RDOFDQEHSURGXFHG IURPRSHQ
SLW PLQLQJ RU XQGHUJURXQG PLQLQJ 7KHUH DUH D IHZ VWHSV LQYROYHG LQ FRDO SURGXFWLRQ ZKLOH PDMRU





.RUROHWDOGHYHORSHGDQGXWLOLVHG DFRPSXWDWLRQDO/&$IRUFRDOPLQLQJ LQ3RODQG7KH\DVVHVVHG WKH
*+* XVLQJ WKH,3&& PHWKRG\HDUV\HDUVDQG\HDUV$QDO\VLVRIGDPDJHFDWHJRULHVZDV
GRQHXVLQJ WKH5H&L3H PHWKRG7KHLUVWXG\ LGHQWLILHG WKDW WKH ODUJHVW FRQWULEXWRU WR *+*LV IRVVLOIXHO
DQGPHWKDQHHPLVVLRQVIRUHOHFWULFLW\XVHSURFHVVLQJRIZDVWHKHDWDQGVWHHOVXSSRUWV$PRQJWKHWKUHH
UDQJHRI\HDUVWKHKLJKHVW UDQJHRIHPLVVLRQVZDV IURP\HDUVVSDQWKDWLVNJ&2 HTSHUNJ,QWKLV
WLPHIUDPHKLJKHVWFRQWULEXWRUIRU*+*LVPHWKDQHHPLVVLRQVZKLFKFRXOGEHJHQHUDWHG IURPHOHFWULFLW\
KHDW DQG VWHHO VXSSRUW DVVRFLDWHGZLWK WKH YHQWLODWLRQ SURFHVV %XUFKDUW.RURO HW DO  ,Q DQRWKHU
VWXG\$GLDQV\DKHWDO FRPSDUH FRDOPLQLQJWDLOLQJVPDQDJHPHQWVWUDWHJLHV XVLQJ/&$7KH\KDYHXVHG
K\EULG/&$PHWKRGFRPSULVHGRI$XVWUDOLDQ,QGLFDWRUDQG5H&L3HPHWKRG7KHVWUDWHJLHVLQYROYHGEHOW
SUHVV WDLOLQJV SDVWH WKLFNHQHG WDLOLQJV7KH\ IRXQG WKDW HOHFWULFDO HQHUJ\ LV WKH JUHDWHVW FRQWULEXWRU WR
HQYLURQPHQWDOHPLVVLRQVIURPFRDOPLQLQJ7KHDQDO\VLVLVGRQHXVLQJWKUHHFDVHVFHQDULRV WDLOLQJVZLWK
WKH ORZDPRXQWRIZDWHU WDLOLQJSDVWHZLWKPXFKVROLGVDQG WKHEDVHFDVHZLWKKLJKDPRXQWRIZDWHU
$GLDQV\DKHWDO=KDQJHWDO VWXGLHGRSHQFDVWFRDOPLQLQJRSHUDWLRQLQ&KLQD7KHIXQFWLRQDOXQLW
ZDV  WRQ RI FRDO 7KH V\VWHP ERXQGDU\ LQFOXGHV VWULSSLQJPLQLQJ WUDQVSRUWDWLRQ SURFHVVLQJ DQG
UHFODPDWLRQ 7KH LPSDFW FDWHJRULHV ZKLFK ZHUH FRQVLGHUHG UHVRXUFHV DFLGLILFDWLRQ *:3 ZDVWH DQG
GXVW$FFRUGLQJWR=KDQJWKHPRVWLPSDFWIXOFDWHJRU\ZDVGXVWIROORZHGE\*:3DQGDFLGLILFDWLRQ)RU
WRQRIFRDOSURGXFWLRQWKH*:3ZDVNJ&2 HT =KDQJHWDO6LOYDHWDO DQDO\VHG WKH
VXUIDFH FRDO PLQH ORFDWHG LQ %UD]LO 7KHLU V\VWHP ERXQGDU\ LQFOXGHV PLQLQJ WUDQVSRUWDWLRQ V\VWHP







/&$ IRU FRDO PLQLQJ LQ
3RODQG %XUFKDUW.RURO
HWDO
W7KH ODUJHVW FRQWULEXWRU WR *+* LV
IRVVLO IXHO DQG PHWKDQH HPLVVLRQV IRU
HOHFWULFLW\ XVH SURFHVVLQJ RI ZDVWH
KHDW
7KHLPSDFWVFDQEHUHGXFHGXVLQJ
DOWHUQDWLYH IXHOV LQ VWHHO
SURGXFWLRQ 3ROOXWLRQ SUHYHQWLRQ
PHWKRGV VKRXOG EH DSSOLHG WR
UHGXFHHPLVVLRQV
/&$ LQ UHVSHFW RI
$XVWUDOLD $GLDQV\DK HW
DO
(OHFWULFDO HQHUJ\ LV WKH JUHDWHVW
FRQWULEXWRUWR HQYLURQPHQWDOHPLVVLRQV
IURPFRDOPLQLQJ
7KH WKLFNHQHG WDLOLQJ LQ WKH FRDO
PLQLQJ WDLOLQJPDQDJHPHQW FRXOG
UHGXFHWKHHQYLURQPHQWDOEXUGHQV





,QFUHDVH LQ WLUH SHUIRUPDQFH
WUDQVSRUWDWLRQ HIILFLHQF\ ORZ
FDUERQ SRZHU GHYHORSPHQW DQG
DGYDQFHPHQW LQ PLQLQJ
WHFKQRORJ\ ZLOO EH EHQHILFLDO WR
UHGXFHWKHLPSDFWV
/&$ EDVHG RQ %UD]LO
*XLPDUmHV GD 6LOYD HW
DO
GLHVHO RLO LV WKH VLJQLILFDQW SDUDPHWHU
ZKLFK HPLWV FDUERQ GLR[LGHPHWKDQH
DQGDPPRQLD
7KLV ZRUN ZLOO FRQWULEXWH WR WKH




&RSSHU LV D YDOXDEOH Q LPSRUWDQW PHWDO XVHG IRU WKHLU FRQGXFWLYLW\ SURSHUWLHV DQG FRUURVLRQ UHVLVWDQW
SURSHUWLHV7KH\DUHZLGHO\XVHG IRUHOHFWULFDOZLULQJFRQVWUXFWLRQKHDWH[FKDQJHUVDQGHOHFWURQLFV7KH
SURGXFHUV RI FRSSHU DUH 8QLWHG 6WDWHV &KLOH DQG $XVWUDOLD &RSSHU LV H[WUDFWHG XVLQJ RUH PLQLQJ
EHQHILFLDWLRQ,ILWJRHVWKURXJKS\URPHWDOOXUJLFDOH[WUDFWLRQWKHQLWSDVVHVWKURXJKVPHOWLQJFRQYHUWLQJ
ILUH UHILQLQJ DQG HOHFWURUHILQLQJ ,I WKH RUH JRHV WKURXJK K\GURPHWDOOXUJLFDO H[WUDFWLRQ WKHQ LW KDV
OHDFKLQJ VROYHQW H[WUDFWLRQ DQG HOHFWURZLQQLQJ 7DEOH  GHVFULEHV WKH PDMRU ILQGLQJV DQG
UHFRPPHQGDWLRQVIURPWKHUHVHDUFKFRQGXFWHGUHODWHGWR/&$ RIWKLVPHWDO
1RUJDWH FRQGXFWHG /&$ EDVHG RQ S\URPHWDOOXUJLFDO DQG K\GURPHWDOOXUJLFDO FRSSHU SURGXFWLRQ 7KH\
DVVHVVHGDQGFRPSDUHGWKHLPSDFWVIURP SURFHVVSDUDPHWHUVRUHJUDGHHQHUJ\FRQVXPHG IRUHOHFWULFLW\
JHQHUDWLRQ DQG HOHFWULFLW\ JHQHUDWLRQ FDSDFLW\ 7KH DVVHVVHG LPSDFW FDWHJRULHV ZHUH *:3 $3 7KH\
VKRZHGWKDWVROYHQWH[WUDFWLRQDQGHOHFWURZLQQLQJSURFHVVHVRIK\GURPHWDOOXUJLFDOFRSSHUSURGXFWLRQKDV
DKLJKHU LPSDFWRYHUS\URPHWDOOXUJLFDO FRSSHUSURGXFWLRQ 1RUJDWH 0HPDU\ HW DO FRQGXFWHGD
WLPHVHULHVDQDO\VLVRIFRSSHUSURGXFWLRQ 7KH\H[DPLQHG WKHHQYLURQPHQWDOHIIHFWV IURP FRSSHUPLQLQJ
DQG VPHOWLQJ IURP  WR  WKURXJK D QRYHO DSSURDFK7KH\KDGFRQGXFWHG D FUDGOHWRJDWH/&$
VWXG\ EDVHG RQ GDWDVHWV IURP ILYH$XVWUDOLDQ FRSSHUPLQH 7KH\ VKRZHG WKDW FDUER IRRWSULQW IURP DOO
PLQHVUDQJHGIURPNW&2 HTWRNW&2 HT 7KH\VKRZHGWKDWFRSSHUPLQLQJDQGPLOOLQJZHUH
WKHPRVW FUXFLDO SDUW WR UHGXFH*:3 0HPDU\ HW DO 1RUWKH\ HW DO FRQGXFWHG/&$RI FRSSHU
PLQLQJDQGVWDWHGWKDWDYHUDJHHQHUJ\LQWHQVLW\UDQJHVIURPWR*-W &X*+*UDQJHV IURPWRW
&2 HTW&X7KLV ODUJH YDULDWLRQZDVGXHWRWKHIRUP RIFRSSHUSURGXFHGRUHJUDGHVRXUFHVRIIXHODQG
HOHFWULFDOHQHUJ\1RUWKH\HWDO+DTXHHWDO FRQGXFWHGDFRPSDUDWLYH/&$VWXG\DPRQJLQVLWX
OHDFKLQJEDVHGSURGXFWLRQRIFRSSHUJROGDQGXUDQLXP7KHLUVWXG\ZDVFRQGXFWHGEDVHGRQ$XVWUDOLDQ














/&$ RQ JOREDO FRSSHU
SURGXFWLRQ 1RUJDWH

VROYHQW H[WUDFWLRQ DQG HOHFWURZLQQLQJ
SURFHVVHVRIK\GURPHWDOOXUJLFDOFRSSHU
SURGXFWLRQKDVDKLJKHU LPSDFW
7KH\ FRQGXFWHG D VHQVLWLYLW\
DQDO\VLVEDVHGRQE\YDU\LQJ
RI SURFHVV SRZHU FRQVXPSWLRQ







FRSSHU PLQLQJ DQG PLOOLQJ ZHUH WKH
PRVWFUXFLDOSDUWWRUHGXFH*:3
7KH PLQLQJ SURGXFWLRQ LPSDFWV
UHODWHG WR UHJLRQDO HQHUJ\
FRQVLGHUDWLRQ VKRXOG EH FDUHIXOO\
FRQVLGHUHGZLWKWKH JHRJUDSK\
/&$ RQ FRSSHU PLQLQJ
1RUWKH\HWDO
7KHODUJH YDULDWLRQLQ*+*ZDVGXHWR
WKH IRUP RI FRSSHU SURGXFHG RUH
JUDGH VRXUFHV RI IXHO DQG HOHFWULFDO
HQHUJ\
5HFRPPHQGDWLRQV PDGH IRU WKH
FRPSDQLHV IRU LPSURYLQJ PLQLQJ
GDWDVHWV WKURXJK LQGLFDWLQJ
GHWDLOHG HQHUJ\ FRQVXPSWLRQ





)RU JRRG ILHOG UHODWHG DFWLYLWLHV
HOHFWULFLW\ ZDV WKH PDLQ VRXUFH RI
*+* DQG WKH VXOIXULF DFLG XVHG IRU
OHDFKLQJ
(OHFWULFLW\ JHQHUDWHG IURP WKH
UHQHZDEOH HQHUJ\ UHVRXUFHV VXFK
DVVRODUHQHUJ\ZLOOEHQHILFLDOIRU
UHGXFLQJ LPSDFWV IURP LQVLWX
OHDFKLQJ
/&$ RI JOREDO FRSSHU
PLQH (NPDQ 1LOVVRQ HW
7KH UHDVRQ IRU WKLV ZLGH UDQJH RI
YDULDWLRQ LQ *+* ZDV WKH PDWHULDO
,QFDVHRIWKHDGYDQFHPHQWRIWKH
WHFKQRORJ\ IRU HIILFLHQW UHFRYHU\






*ROGVLOYHU EHQHILFLDWLRQ KDV KLJKHVW
LPSDFWRYHUWKHRWKHUPHWDOV
0RGLILFDWLRQLQWKHHOHFWULFLW\JULG
PL[ WR HQKDQFH WKH HQHUJ\
HIILFLHQF\ ZLOO EH KHOSIXO WR
UHGXFHHQYLURQPHQWDOEXUGHQV
/&$LQIHUURDOOR\PLQLQJ
)HUURDOOR\ LV LURQEHDULQJDOOR\VZKLFKDOVRKDYH DKLJKHU SURSRUWLRQRIPHWDOV7KH\FDQPDNHDOOR\V
LQFOXGLQJ FKURPLXP PDQJDQHVH PRO\EGHQXP VLOLFRQ ,W LV PRVWO\ 7KH\ DUH IRXQG DQG SURGXFHG LQ
&KLQD6RXWK$IULFD8NUDLQH.D]DNKVWDQ7DEOH  GHVFULEHV WKHPDMRUILQGLQJVDQG UHFRPPHQGDWLRQV
IURPWKHUHVHDUFKFRQGXFWHGUHODWHGWR/&$RIWKLVPHWDO
+DTXH HW DO VWXGLHG WKH /&$ RI IHUURDOOR\V 7KHVH DOOR\V ZHUH LURQ EHDULQJ PDWHULDO DOOR\HG LQ
FRQMXQFWLRQ ZLWK PDQJDQHVH FKURPLXP VLOLFRQ DQG PRO\EGHQXP 7KH\ VWXGLHG WKH HQYLURQPHQWDO
LPSDFWV LQ UHVSHFW RI$XVWUDOLD XVLQJ WKH7DVPDQLDQ HOHFWULFLW\*+* HPLVVLRQV IDFWRUV $FFRUGLQJ WR
WKHLUUHVXOWV *+*ZDVW&2 HTW)H0QW&2 HTW6L0QW&2 HTW)H6LW&2 HTW




DQG PRGH RI RSHUDWLRQ LQ VPHOWLQJ DQG UHILQLQJ  7KH\ VKRZHG WKDW HQYLURQPHQWDO LPSDFWV FRXOG
VLJQLILFDQWO\EHUHGXFHG ZLWKUHQHZDEOH HQHUJ\XVHLQVWHDGRIIRVVLOIXHO,QWKHQRUPDOVFHQDULRWKH*+*











WKHLU HOHFWULFLW\ XVH IRVVLO IXHO
FRQVXPSWLRQ JUDGH RI IHUURDOOR\V
SURGXFHG
5HQHZDEOH FDUERQ OLNH ELRFKDU
FDQ EH EOHQGHG ZLWK IRVVLO IXHOV
OLNH FRNHRU FRDO WR UHSODFH WKHVH
IRVVLOV




7KH HQYLURQPHQWDO LPSDFWV FRXOG
VLJQLILFDQWO\ EH UHGXFHG ZLWK
UHQHZDEOH HQHUJ\XVH LQVWHDGRI IRVVLO
IXHO 7KH VPHOWLQJ DQG UHILQLQJ VWDJH
FRQVXPHV WKH KLJKHVW DPRXQW RI
HQHUJ\ ZKLOH RUH PLQLQJ DQG
EHQHILFLDWLRQFRQWULEXWHGWKHOHDVW
*UHHQHQHUJ\XWLOL]DWLRQZRXOGEH
WKH EHVW SRVVLEOH VROXWLRQ WR JHW
EHWWHU HQYLURQPHQWDO UHVXOWV LQ
HDFKDVSHFW
 /&$LQJROGPLQLQJ
*ROGKDVDEULJKW \HOORZFRORXU'XHWRPDOOHDELOLW\DQGFRQGXFWLYLW\JROG LVDSUHFLRXV PHWDOZKLFKLV
SRSXODU PHWDO RI SUHFLRXV MHZHOOHU\ FXUUHQF\ RU LQ HOHFWURQLF DSSOLFDWLRQV $XVWUDOLD KDV WKH KLJKHVW
DPRXQWRIJROGPLQHGHSRVLWVLPLODUOLNH6RXWK$IULFDDQG5XVVLD)URPWKHJROGPLQHWKHJROGRUHVDUH
JRQH WKURXJK FRPPLQXWLRQ VWDJH FRPSULVHV RI FUXVKLQJ DQG JULQGLQJ ,I LW LV UHIUDFWRU\ RUH WKHQ
FRQVHTXHQWLDOO\XQGHUJRHVIORWDWLRQURDVWLQJSUHVVXUHR[LGDWLRQELRR[LGDWLRQUHJULQGLQJVPHOWLQJDQG
UHILQLQJ ,I WKH JROG RUH LV QRQUHIUDFWRU\ RU IUHHPLOOLQJ RUH WKHQ LW XQGHUJRHV H[WUDFWLRQ F\DQLGDWLRQ
WDQNRUKHDS UHFRYHU\VWULSSLQJHOHFWURZLQQLQJVPHOWLQJDQGUHILQLQJ7DEOH  GHVFULEHV WKHPDMRU
ILQGLQJVDQGUHFRPPHQGDWLRQVIURPWKHUHVHDUFKFRQGXFWHGUHODWHGWR/&$RIWKLVPHWDO




RI JROGPLQLQJ SURFHVVHV LQ&KLQDZKHUH WKH LPSDFW FDWHJRULHVZHUH &&7$3+7 30) 3DUWLFXODWH
0DWWHU)RUPDWLRQ))' IRVVLOIXHOGHSOHWLRQ 7KHDQDO\VLV ZDVGRQH E\PLGSRLQWDQGHQGSRLQWEDVHG
5H&L3HPHWKRG 7KH\IRXQGWKDWWKHODUJHVWLPSDFWLV RQWKHPHWDOGHSOHWLRQFDWHJRU\IURPPLQLQJGXHWR
HQHUJ\ FRQVXPSWLRQ DQG HPLVVLRQV )RU FOLPDWH FKDQJH HOHFWULFLW\ DQG GLHVHO ZHUH WKH ODUJHVW
FRQWULEXWRUV&OLPDWHFKDQJHLPSDFWZDV(NJ&2 HT&KHQHWDO+DTXHHWDOFRQGXFWHGD
FRPSDUDWLYH/&$ VWXG\ DPRQJ LQVLWX OHDFKLQJ EDVHG SURGXFWLRQ RI FRSSHU JROG DQG XUDQLXP7KHLU
VWXG\ZDVFRQGXFWHGEDVHGRQ$XVWUDOLDQ,PSDFWPHWKRGXVLQJ6LPD3UR VRIWZDUH7KH\VKRZHGWKDWIRU
JROGPLQLQJDFWLYLWLHV UHODWLQJZHOOILHOG LPSDFWVPRVWO\DERXWRIWRWDO*+*ZKHUHZDVIURP
JROG H[WUDFWLRQ DQGPHWDO SURGXFWLRQ DQG ZHUH GXH WR FKHPLFDO XVH +DTXH DQG 1RUJDWH 











/&$ RQ JROG PLQLQJ LQ
$XVWUDOLD 1RUJDWH DQG
+DTXH
7KH UHIUDFWRU\ RUH RI JROG KDV WKH
KLJKHVW LPSDFW RQ PLQLQJ DQG




EHQHILFLDO IRU KLJK SUHVVXUH JDV
UHFRYHU\ OHDFKLQJ IORWDWLRQ
WHFKQRORJLHV JUDYLWDWLRQDO
WHFKQRORJLHV HWF WR UHGXFH WKH
HQYLURQPHQWDOLPSDFWV
/&$ RI JROG PLQLQJ LQ
&KLQD&KHQHWDO
7KH ODUJHVW LPSDFW LV RQ WKH PHWDO
GHSOHWLRQFDWHJRU\IURPPLQLQJGXHWR
HQHUJ\ FRQVXPSWLRQ DQG HPLVVLRQV
)RU FOLPDWH FKDQJH HOHFWULFLW\ DQG
GLHVHOZHUHWKHODUJHVWFRQWULEXWRUV
(QYLURQPHQWDOSROLF\VXJJHVWLRQV
OLNH LQFUHDVLQJ WKH UHVRXUFHV
HIILFLHQF\ DGMXVWLQJ HQHUJ\
VWUXFWXUH JROG UHF\FOLQJ DQG
HFRORJLFDOFRPSHQVDWLRQDSSURDFK
ZRXOG EH EHQHILFLDO IRU UHGXFLQJ
LPSDFWV
/&$ RI JROG PLQLQJ LQ
$XVWUDOLD +DTXH DQG
1RUJDWH
)RU JROG PLQLQJ DFWLYLWLHV UHODWLQJ
ZHOO ILHOG LPSDFWV PRVWO\ DERXW 
RI WRWDO *+* ZKHUH  ZDV IURP
JROG H[WUDFWLRQ DQG PHWDO SURGXFWLRQ
(OHFWULFLW\ JHQHUDWHG IURP WKH
UHQHZDEOH HQHUJ\ UHVRXUFHV VXFK
DVVRODUHQHUJ\ZLOOEHQHILFLDOIRU





*ROGVLOYHU EHQHILFLDWLRQ KDV KLJKHVW
LPSDFWRYHUWKHRWKHUPHWDOV
0RGLILFDWLRQLQWKHHOHFWULFLW\JULG
PL[ WR HQKDQFH WKH HQHUJ\









$OWHULQJ WKH PDWHULDO DOOR\LQJ
SURSHUWLHV IRU VWDLQOHVV VWHHO






PLQLQJ ,URQ RUH LV H[WUDFWLRQ WKURXJK GULOOLQJ EODVWLQJ H[FDYDWLQJ ORDGLQJ KDXODJH RUH GXPSLQJ
FUXVKLQJ DQG VFUHHQLQJ $IWHU VFUHHQLQJ OXPSHG RUHV DUH VHQW WKURXJK VWDFNLQJ UHFODLPLQJ ORDGLQJ
WUDQVSRUW,IWKHLURQRUHVDUHILQHRUHWKHQDIWHUVFUHHQLQJLWJRHVWKURXJKVWDFNLQJUHFODLPLQJORDGLQJ
WUDQVSRUWSHOOHWLQJ DQG VLQWHULQJ 7DEOH  GHVFULEHV WKHPDMRU ILQGLQJV DQG UHFRPPHQGDWLRQV IURP WKH
UHVHDUFKFRQGXFWHGUHODWHGWR/&$RIWKLVPHWDO
)HUUHLUDHWDODQDO\VHG WKHLURQSURGXFWLRQIRUDQRSHQSLWPLQHORFDWHGLQ%UD]LO'DWDVHW ZDV FROOHFWHG
IURPFRPSDQ\UHSRUWV7KHIXQFWLRQDOXQLWFRQVLGHUHGZDV RQHWRQQHRILURQRUHFRQFHQWUDWLRQSURGXFHG
7KHDQDO\VLV ZDVGRQHXVLQJ6LPD3URVRIWZDUHDQG,3&&PHWKRG7KH\IRXQGWKDWXVHRIJULQGLQJPHGLD
ZDV WKH ODUJHVW FRQWULEXWRU WR HQYLURQPHQWDO HPLVVLRQV ZLWK WKH ODUJHVW LPSDFW RQ KXPDQ KHDOWK DQG
TXDOLW\RIHFRV\VWHPV(PLVVLRQRILQKDODEOHLQRUJDQLFPDWHULDOV LV DIIHFWLQJKXPDQKHDOWK*UHHQKRXVH
JDVHPLVVLRQVDUHIURPHOHFWULFLW\FRQVXPSWLRQZKLFKZDVNJ&2 HTIRU WRQRI LURQSURGXFHG
)HUUHLUDDQG/HLWH+DTXHHWDO DQDO\VHG /&$RI RSHQSLW LURQRUHPLQLQJDQGSURFHVVLQJ ZKLFK
FRPSULVHVRIGULOOLQJEODVWLQJORDGLQJKDXODJHFUXVKLQJVFUHHQLQJVHSDUDWLRQVWDFNLQJDQGVWRFNSLOLQJ
7KHIXQFWLRQDOXQLWZDVWRQ7KHLPSDFWFDWHJRULHVZHUHJURVVHQHUJ\UHTXLUHPHQWVDQG*+*HPLVVLRQV
7KH DQDO\VLV ZDV GRQH E\$XVWUDOLDQ ,QGLFDWRUPHWKRG 7KH DQDO\VLV UHVXOWV VKRZHG WKDW ORDGLQJ DQG
KDXODJHPDGHWKHKLJKHVWFRQWULEXWLRQWR*+*&2 HTW+DTXHDQG1RUJDWH1RUJDWHDQG
+DTXH*DQHWDO DQDO\VHG /&$RIPLQLQJDQGSURFHVVLQJRI LURQRUHPLQH LQ&KLQD7KH LURQ
PLQHFRQVLGHUHGFRQVLVWVRIRSHQSLWPLQHDQGXQGHUJURXQGPLQH7KHIXQFWLRQDOXQLWZDVWRQQHRILURQ






/&$ RI LURQ PLQLQJ LQ
%UD]LO)HUUHLUDDQG/HLWH

7KH XVH RI JULQGLQJ PHGLD ZDV WKH
ODUJHVW FRQWULEXWRU WR HQYLURQPHQWDO
HPLVVLRQV ZLWK WKH ODUJHVW LPSDFW RQ
KXPDQ KHDOWK DQG TXDOLW\ RI
HFRV\VWHPV
5HSODFHPHQW RI IRVVLO IXHOV ZLWK
ELRGLHVHO ZRXOG EH EHQHILFLDO IRU
UHGXFLQJFOLPDWHFKDQJHHIIHFWV
/&$ RI LURQ PLQLQJ LQ
$XVWUDOLD +DTXH DQG
1RUJDWH
7KH ORDGLQJ DQG KDXODJH PDGH WKH
KLJKHVWFRQWULEXWLRQWR*+*
(PHUJLQJ WHFKQRORJLHV VKRXOG EH
DGRSWHG WR UHGXFH WKH
HQYLURQPHQWDO EXUGHQV IURP
ORDGLQJDQGKDXOLQJRILURQRUH
/&$ RI LURQ PLQLQJ LQ
&KLQD *DQ DQG *ULIILQ

7KHKLJKHVW *+*FRQWULEXWLRQLVIURP
DJJORPHUDWLRQ ORDGLQJ KDXODJH DQG
RUHSURFHVVLQJ
7R UHGXFH WKH HQYLURQPHQWDO
LPSDFWV RI LURQPLQLQJ LQ &KLQD
KLJK JUDGH RUH LPSRUW IURP
DEURDG
/&$LQQLFNHOPLQLQJ





.KRR HW DO VWXGLHG WKUHH FUDGOHWRJDWH EDVHG QLFNHO ODWHULWH WHFKQRORJLHV 7KH JHRJUDSKLF UHJLRQ
FRQVLGHUHGZHUH:HVWHUQ$XVWUDOLD DQG ,QGRQHVLD7KH DQDO\VLVZDV FRQGXFWHG XVLQJ ,03$&7
PHWKRG 5H&L3H PHWKRG DQG $XVWUDOLDQ ,QGLFDWRU PHWKRG 7KH\ ZHUH KLJKSUHVVXUH DFLG OHDFKLQJ
+3$/IHUURQLFNHODQGGLUHFWQLFNHO'1LSURFHVV7KHLUVWXG\UHYHDOHGWKDWWKHKLJKHVW HQYLURQPHQWDO
LPSDFW ZDV IURP IHUURQLFNHO ZKLOH WKH PRVW VXVWDLQDEOH ZDV +3$/ ,W ZDV DOVR IRXQG WKDW UHVXOWV
REWDLQHGIURP$XVWUDOLDQ,QGLFDWRUPHWKRGZHUHVOLJKWO\KLJKHUWKDQIRURWKHUPHWKRGV*OREDOZDUPLQJ
SRWHQWLDOZDV PRVWO\ FRQWULEXWHG E\ IXHOFRQVXPSWLRQ LQQLFNHO UHGXFWLRQDQG VPHOWLQJ$QRWKHUPDMRU
IDFWRUIRU*+*ZDVFRDOFRQVXPSWLRQWRSURGXFHVWHDP.KRRHWDO0LVWU\HWDO FRQGXFWHG/&$
RI QLFNHO DQG IHUURQLFNHO SURGXFWLRQ 7KHLU GDWDVHWV ZHUH RULJLQDWHG IURP QLQH FRPSDQLHV ZKLFK










IURP IHUURQLFNHO ZKLOH WKH PRVW
VXVWDLQDEOH ZDV +3$/ GXH WR IXHO
FRQVXPSWLRQ LQ QLFNHO UHGXFWLRQ DQG
VPHOWLQJ
1LFNHO SURGXFWLRQ XVLQJ WKH '1L
PHWKRGZRXOG EH EHQHILFLDO RYHU
WKH +3$/ PHWKRG WR HQKDQFH
VXVWDLQDELOLW\
/&$ RI JOREDO QLFNHO
SURGXFWLRQ 0LVWU\ HW DO

7KHH[WUDFWLRQDQGUHILQLQJVWHSVZHUH
WKH PDMRU FRQWULEXWRU IRU 3(' DQG
*:3
7KH QLFNHO LQVWLWXWH ZLOO XSGDWH






7KHVH UDUH HDUWK HOHPHQWV DUH XVHG IRU PDNLQJ RSWLFDO DQG HOHFWURQLFV SURGXFWV 'LIIHUHQW LQGXVWULDO
VHFWRUVDUH XVLQJWKHVHUDUHHDUWKHOHPHQWVPHWDOOXUJ\RLODQGDJULFXOWXUH7KH\DUHPLQHG IURP&KLQD
%UD]LODQG WKH8QLWHG 6WDWHV5DUHHDUWKHOHPHQWVFDQEHPLQHGXVLQJRSHQSLWPLQLQJRUXQGHUJURXQG
PLQLQJ $IWHU PLQLQJ LW JRHV WKURXJK EHQHILFLDWLRQ VWDJH ZKLFK LQYROYHV FUXVKLQJ DQG JULQGLQJ
PDJQHWLFVHSDUDWLRQPXOWLVWDJHIORWDWLRQILOWHULQJZDVKLQJDQGFRQGLWLRQLQJ$WWKHUHILQLQJVWDJHWKH




:HQJ HW DO FRQGXFWHG/&$RI UDUH HDUWK HOHPHQWV EDVHG RQ FUDGOHWRJDWH PLQLQJ SURMHFWV7KHLU
IRFXV ZDV RQ *(5 *URVV (QHUJ\ 5HTXLUHPHQWV DQG *:3 7KH DQDO\VLV ZDV GRQH XVLQJ 6LPD3UR
VRIWZDUH5H&L3HPHWKRGDQG&('PHWKRG 7KHDOORFDWLRQPHWKRG ZDVDQHFRQRP\EDVHG DOORFDWLRQRI
6LPD3UR7KH\IRXQGWKDWWKHJUHDWHVW HQYLURQPHQWDOLPSDFWVZHUHIURPLRQLFFOD\PRQD]LWHEDVWQDHVLWH
ZKHUH WKH LPSDFW LV KLJKHU WKDQ IRUPRVW FRPPRQPHWDOV OLNH EDX[LWH FRSSHU DQG VWHHO :HQJ HW DO
/LPDHWDO DQDO\VHG /&$ RINJ RIUDUHHDUWKHOHPHQW ZLWKNJ RIFRSURGXFWVIURPD%UD]LOLDQ
RUH7KHDQDO\VLVZDV GRQH XVLQJ WKH ,03$&7 PHWKRGZKHUH WKH GDWDVHWVZHUH IURP&(7(0






/&$ RI UDUH HDUWK
HOHPHQWV :HQJ HW DO

7KH JUHDWHVW HQYLURQPHQWDO LPSDFWV
ZHUH IURP LRQLF FOD\ PRQD]LWH
EDVWQDHVLWHZKHUH WKH LPSDFW LVKLJKHU
WKDQ IRU PRVW FRPPRQ PHWDOV OLNH
EDX[LWHFRSSHUDQGVWHHO
5DUH HDUWK HOHPHQWV UHILQLQJ
WHFKQRORJLHVVKRXOGDGRSWFOHDQHU
ZD\V EDVHG RQ PLQHUDORJ\ DQG
JHRORJLFDOFRQGLWLRQV
/&$ RI UDUH HDUWK
HOHPHQWV LQ %UD]LO /LPD
HWDO
7KH ODUJHVW FRQVXPSWLRQ RI
K\GURFKORULF DFLG DQG DPPRQLXP
R[LGHV SURGXFH UDGLRDFWLYH HPLVVLRQV
ZKLFK LPSDFW RQ R]RQH GHSOHWLRQ
SRWHQWLDO DQGFDUFLQRJHQV WKXV LPSDFW
RQKXPDQKHDOWK
0RUHLQYHVWPHQWLVUHTXLUHGLQWKH
OLIH F\FOH DVVHVVPHQW VHFWRUV WR
EHWWHU MXVWLI\ WKH HQYLURQPHQWDO
LPSDFWDQDO\VLV
 /&$LQVWDLQOHVVVWHHOPLQLQJSURGXFWLRQ
6WHHO LQGXVWU\ LV OLNH RLODQGJDV6WHHO LVZLGHO\XVHG LQFRQVWUXFWLRQZRUNV WUDQVSRUWDWLRQSDFNDJLQJ
DQGHQHUJ\VHFWRU&KLQD LVRQHRI WKH OHDGLQJSURGXFHUVRI VWHHO 6WHHO LVSURGXFHG DIWHUSURFHVVLQJ LQ





ZDVWKHQLFNHOVRXUFHWRWDOHQHUJ\FRQVXPSWLRQZDV KLJKHUWKDQWKHFDVHZKHUHQLFNHOPHWDOZDV XVHG DV
D VRXUFH 7KH\ DOVR VWDWHG WKDW QLFNHO KDV WKH KLJKHVW LPSDFW WKHQ IHUURQLFNHO IHUURFKURPH DQG LURQ
:KLOH DQDO\VLQJ WKH VRXUFH RI HOHFWULFLW\ QDWXUDO JDV XVH FRXOG UHGXFH WKH*:3ZLWKRXW FKDQJLQJ WKH
WRWDO HQHUJ\ FRQVXPSWLRQZKLOH K\GURHOHFWULFLW\ FRXOG UHGXFHERWK 1RUJDWH HW DO  .RURO HW DO




RQ*+* HPLVVLRQV'LUHFW*+* HPLVVLRQVZHUH UHODWHG WR WKH FRPEXVWLRQ VRXUFHVZKLOH WKH LQGLUHFW
HPLVVLRQVZHUHIURPIRVVLOV7KH*+*YDOXHZDVNJ&2 HT)8IRUQDWXUDOHOHFWULFDUFIXUQDFHDQG
 &2 HT)8IRUFUXGHVWHHO%XUFKDUW.RURO5HQ]XOOLHWDO VWXGLHGFUDGOHWRJDWH/&$RIDQ
LQWHJUDWHG VWHHOPLOOLQ,WDO\7KHV\VWHPERXQGDU\ZDVUDZPDWHULDOH[WUDFWLRQWKHVLQWHULQJRSHUDWLRQV
WKH FRNH SURGXFWLRQ DQG LURQVWHHO SURGXFWLRQ 7KH DQDO\VLV PHWKRG ZDV ,/&'ZKLOH ERWK PDVV DQG
HFRQRP\EDVHG DOORFDWLRQZHUH FRQVLGHUHG7KHLU UHVXOWV DUH VLPLODU OLNH IRU.RURO HW DO WKDW WKHPRVW
LPSDFWIXOSURFHVVHV ZHUHEODVWIXUQDFHDQGFRNHRYHQRSHUDWLRQV0RUHWKDQRIWKHFOLPDWHFKDQJH










/&$RI VWHHO 1RUJDWH HW
DO
6WDWHG WKDW ZKHQ IHUURQLFNHO ZDV WKH
QLFNHO VRXUFH WRWDO HQHUJ\
FRQVXPSWLRQZDVKLJKHU WKDQ WKHFDVH
ZKHUH QLFNHO PHWDO ZDV XVHG DV D
VRXUFH7KH\DOVRVWDWHGWKDWQLFNHOKDV




WR UHGXFH WKH HQYLURQPHQWDO
EXUGHQV
/&$ RI VWHHO SURGXFWLRQ
LQ 3RODQG %XUFKDUW
.RURO
7KH SURGXFWLRQ RI SLJ LURQ KDG WKH
KLJKHVW LPSDFW RQ *+* DQG IXHO
FRQVXPSWLRQ GXH WR HOHFWULFLW\ 7KH\
DOVRVKRZHGWKDWWKHLURQRUHVLQWHULQJ









7KH PRVW LPSDFWIXO SURFHVVHV ZHUH
EODVW IXUQDFH DQG FRNH RYHQ
RSHUDWLRQV 0RUH WKDQ  RI WKH
FOLPDWH FKDQJH R]RQH GHSOHWLRQ DQG
SDUWLFXODWH PDWWHU ZHUH GXH WR UDZ
PDWHULDO WUDQVSRUWDWLRQ LQ WKH EODVW
IXUQDFHDQGFRNHRYHQ
(QHUJ\ DQG IXHO H[FKDQJH
EHWZHHQ WKH SRZHU SODQWV DQG
IDFWRU\ FDQ EH PRGHOOHG DQG
DQDO\VHG /&$ DQDO\VLV FDQ DOVR
EH H[WHQGHG EDVHG RQ VWHHO
SURGXFWUROOLQJRSHUDWLRQV
/&$ RI VWHHO SURGXFWLRQ
LQ&KLQD0DHWDO
7KH ZDWHU IRRWSULQW FDXVHG E\ VWHHO
SURGXFWLRQ DQG IRXQG WKDW JUH\ ZDWHU
IRRWSULQW ZDV KLJKHU WKDQ EOXH ZDWHU
IRRWSULQW ZKLOH GLUHFW HPLVVLRQV
SOD\HG WKH NH\ UROH IRU JUH\ ZDWHU
IRRWSULQW
)XUWKHU VWXGLHV VKRXOG EH FDUULHG
RXW EDVHG RQ G\QDPLF GDWDEDVH
DQG VSDWLDO GLVSDULW\ LQ ZDWHU
IRRWSULQW HYDOXDWLRQ LQ GLIIHUHQW
DVSHFWV
 /&$LQXUDQLXPPLQLQJ
8UDQLXP LV WKH VRXUFHRIQXFOHDUSRZHUZKLFK LVZLGHO\SURGXFHGDQGQDWXUDOO\ IRXQG1XFOHDUSRZHU
DFFRXQWVIRUPRUHWKDQRISRZHUSURGXFWLRQLQWKHZRUOG7KHXUDQLXPGHSRVLWVDUHPRVWO\IRXQG LQ
$XVWUDOLD.D]DNKVWDQDQG&DQDGD8UDQLXPFDQEHPLQHGXVLQJRSHQSLWPLQLQJRUXQGHUJURXQGPLQLQJ
7KHPLQHGRUHVDUH WKHQJRLQJ WKURXJKFUXVKLQJJULQGLQJ OHDFKLQJVROLGVHSDUDWLRQ OLTXRUH[WUDFWLRQ
XUDQLXP SUHFLSLWDWLRQ VROLG VHSDUDWLRQ DQG GU\LQJ 7DEOH  GHVFULEHV WKH PDMRU ILQGLQJV DQG
UHFRPPHQGDWLRQVIURPWKHUHVHDUFKFRQGXFWHGUHODWHGWR/&$RIWKLVPHWDO
1RUJDWHHWDOVWXGLHGWKH/&$RIQXFOHDUSRZHUSURGXFWLRQIRUXUDQLXPZKLOHWKHRUHJUDGHZDV
8Ύ 2Γ 7KHIXQFWLRQDOXQLWZDV0:KRIHOHFWULFLW\SURGXFHGIURP *:HQXFOHDUUHDFWRU7KHV\VWHP
ERXQGDU\ LQFOXGHV XUDQLXPRUHPLQLQJ WR HOHFWULFLW\ SURGXFWLRQ LQ D SODQW7KHLU VWXG\ IRXQG WKDW IXHO
HQULFKPHQWVWDJHPDGHWKHKLJKHVW FRQWULEXWLRQRI*+*ZKLOHWKHWRWDO*+*ZDVNJ&2 HT0:K
%XW LI WKHRUHJUDGH IDOOV WR WKHQ WKH*+*ZRXOGEHNJ&2 HT0:K+DTXHDQG1RUJDWH
1RUJDWHHWDO3DUNHUHWDO VWXGLHGWKHFUDGOHWRJDWHXUDQLXPPLQLQJDQGPLOOLQJLQ&DQDGD
7KH\IRXQGWKDWVRXUFHRI*+*WKDWLVWKHHQHUJ\XVHGWRSURGXFH HOHFWULFLW\DQGSURFHVVHPLVVLRQVIURP
QRQHQHUJ\UHVRXUFHV ZDV WKHODUJHVWFRQWULEXWRUWR HQYLURQPHQWDOHPLVVLRQV 3DUNHUHWDO)DUMDQD
HWDODQDO\VHG DQGFRPSDUHGDPRQJRSHQSLWPLQLQJXQGHUJURXQGPLQLQJDQGLQVLWXOHDFKLQJXUDQLXP
PLQLQJRSHUDWLRQV7KH\IRXQGWKDWLQVLWXOHDFKLQJKDVDKLJKHULPSDFWRQDOOWKHHQYLURQPHQWDOLPSDFW
FDWHJRULHVH[FHSWLRQLVLQJ UDGLDWLRQ 2QWKHRWKHU KDQGXQGHUJURXQGPLQLQJHIIHFWVDGYHUVHO\RQLRQLVLQJ
UDGLDWLRQ 6+ )DUMDQD HW DO D 6KDKMDGL+LVDQ )DUMDQD HW DO E +DTXH HW DO FRQGXFWHG D
FRPSDUDWLYH/&$ VWXG\ DPRQJ LQVLWX OHDFKLQJ EDVHG SURGXFWLRQ RI FRSSHU JROG DQG XUDQLXP7KHLU
VWXG\ZDVFRQGXFWHGEDVHGRQ$XVWUDOLDQ,PSDFWPHWKRGXVLQJ6LPD3URVRIWZDUH7KH\VKRZHGWKDWIRU






/&$ RI QXFOHDU SRZHU
SURGXFWLRQ 1RUJDWH HW
DO
7KH IXHO HQULFKPHQW VWDJH PDGH WKH
KLJKHVW FRQWULEXWLRQRI*+*
1HZ WHFKQRORJLHV LQ GLIIHUHQW
VWDJHVRIQXFOHDUIXHOF\FOHZRXOG
EH EHQHILFLDO IRU UHGXFLQJ
HQYLURQPHQWDOEXUGHQV
/&$ RI XUDQLXP PLQLQJ
LQ &DQDGD 3DUNHU HW DO

7KHHQHUJ\XVHGWRSURGXFHHOHFWULFLW\
DQG SURFHVV HPLVVLRQV IURP QRQ
HQHUJ\ UHVRXUFHV ZDV WKH ODUJHVW
FRQWULEXWRUWR HQYLURQPHQWDOHPLVVLRQV
,Q IXWXUH GHWDLOHG /&$ VWXG\
FRYHULQJ DOO WKH HQYLURQPHQWDO
LPSDFW FDWHJRULHV VKRXOG EH
FRQGXFWHG WR UHGXFH WKH
HQYLURQPHQWDO EXUGHQV DQG WR
WUDGH RII DPRQJ WKH FRPSHWLQJ
HQHUJ\SURGXFWV
/&$ RI JOREDO XUDQLXP
PLQLQJ 6+ )DUMDQD HW
DO D 6KDKMDGL
+LVDQ )DUMDQD HW DO
E




FRQGXFWHG XVLQJ WKH QDWXUDO JDV
EDVHG VFHQDULR IRU SURFHVV DQG
PLQHVSHFLILFGDWDVHWV
/&$ RI XUDQLXP PLQLQJ
LQ $XVWUDOLD +DTXH DQG
1RUJDWH
7KH ZHOO ILHOG UHODWHG DFWLYLWLHV DQG
FKHPLFDO FRQVXPSWLRQ FRQWULEXWHG WKH
PRVWIRU*+*
(OHFWULFLW\ JHQHUDWHG IURP WKH
UHQHZDEOH HQHUJ\ UHVRXUFHV VXFK
DVVRODUHQHUJ\ZLOOEHQHILFLDOIRU





LV SURGXFHG IURP RUH PLQLQJ PLQHUDO SURFHVVLQJ FRQFHQWUDWLRQ URDVWLQJ OHDFKLQJ SXULILFDWLRQ DQG
HOHFWURO\VLV 7DEOH  GHVFULEHV WKHPDMRU ILQGLQJV DQG UHFRPPHQGDWLRQV IURP WKH UHVHDUFK FRQGXFWHG
UHODWHGWR/&$RIWKLVPHWDO
*HQGHUHQHWDO DQDO\VHG WKHFUDGOHWRJDWH/&$RI]LQFFRQFHQWUDWHDQGVSHFLDOKLJKJUDGH]LQF7KHLU
JHRJUDSKLFDO FRYHUDJH FRQVLGHUHG LQ WKDW VWXG\ ZDV JOREDO 7KH V\VWHP ERXQGDU\ FRQVLVWV RI ]LQF RUH
PLQLQJ FRQFHQWUDWLRQ WUDQVSRUWDWLRQ DQG VPHOWLQJ 'DWDVHWV ZHUH FROOHFWHG IURP  PLQHV DQG 
VPHOWHUV DQG DQDO\VHG XVLQJ *DEL VRIWZDUH 7KH VHOHFWHG LPSDFW FDWHJRULHV ZHUH *:3 $3 (8
(XWURSKLFDWLRQ 32&3 2'3 DQG 3('  7KH DQDO\VLV ZDV GRQH XVLQJ WKH &0/ PHWKRG DQG WKH
IXQFWLRQDOXQLWZDV07 0HJD WRQQH RI]LQF7KHLU VWXG\ IRXQG WKDW WKH LPSDFWVRI ]LQFSURGXFWLRQ
ZHUH SULPDULO\ GXH WR HQHUJ\ FRQVXPSWLRQ LQ WKH PLQLQJ DQG FRQFHQWUDWLRQ SURFHVV (OHFWULFLW\
FRQVXPSWLRQZDVKXJHZKLFKWKHFRXQWU\DQGJULGPL[SOD\HGDVLJQLILFDQWUROH 9DQ*HQGHUHQHWDO
 4L HW DO FRQGXFWHG /&$ RI K\GURPHWDOOXUJLFDO ]LQF SURGXFWLRQ LQ &KLQD ZKLFK ZDV EDVHG RQ
1DWLRQDO LQYHQWRU\ GDWDVHWV 7KH DQDO\VLVZDV GRQH E\5H&L3HPHWKRG DQG WKH IXQFWLRQDO XQLWZDV 
WRQQH RI K\GURPHWDOOXUJLFDO ]LQF SURGXFWLRQ 7KHLU VWXG\ UHYHDOV WKDW RYHUDOO HQYLURQPHQWDO HPLVVLRQV
ZHUHGXHWR]LQFRUHPLQLQJDQGHQHUJ\FRQVXPSWLRQLQWKHIRUPRIHOHFWULFLW\DQGQDWXUDOJDV7KH\DOVR
VWDWHGWKDWSROOXWDQWVOLNHFRSSHU]LQFOHDGZKLFKZHUHHPLWWHG WRWKHHQYLURQPHQW ZHUHUHVSRQVLEOHIRU
KXPDQ WR[LFLW\ PDULQH DTXDWLF HFRWR[LFLW\ &DUERQGLR[LGH HPLVVLRQ IURP FRDOEDVHG HOHFWULFLW\
JHQHUDWLRQZDV GRPLQDQWIRU FOLPDWHFKDQJHDQGIRVVLOGHSOHWLRQ$OVR WKHKHDY\PHWDOV IURPLURQRUH
PLQLQJDQG UHILQLQJFRQWULEXWHG WR LPSDFWVRQKXPDQKHDOWKDQGZDWHU 4L HWDO  )DUMDQD HW DO
DQDO\]HG WKH JROGVLOYHUOHDG]LQFFRSSHU EHQHILFLDWLRQ SURFHVV ZKLFK VXPPDUL]HV WKDW JROGVLOYHU





/&$ RI JOREDO ]LQF
SURGXFWLRQ 9DQ
*HQGHUHQHWDO
7KH LPSDFWV RI ]LQF SURGXFWLRQ ZHUH
SULPDULO\ GXH WR HQHUJ\ FRQVXPSWLRQ
LQ WKH PLQLQJ DQG FRQFHQWUDWLRQ
SURFHVV
,Q IXWXUH LQFOXGLQJ WKH XQLW
SURFHVV GHWDLOV IRU /&$ DQDO\VLV
IRU FRQFHQWUDWLRQ DQG VPHOWLQJ
ZRXOG EH EHQHILFLDO IRU
VXVWDLQDELOLW\
/&$ RI ]LQF SURGXFWLRQ
LQ&KLQD4LHWDO
7KH RYHUDOO HQYLURQPHQWDO HPLVVLRQV
ZHUH GXH WR ]LQF RUH PLQLQJ DQG
HQHUJ\ FRQVXPSWLRQ LQ WKH IRUP RI
HOHFWULFLW\DQGQDWXUDOJDV
,Q IXWXUH WKHLU VWXG\ ZRXOG EH
EHQHILFLDO WR EXLOG QDWLRQDO /&,





*ROGVLOYHU EHQHILFLDWLRQ KDV KLJKHVW
LPSDFWRYHUWKHRWKHUPHWDOV
0RGLILFDWLRQLQWKHHOHFWULFLW\JULG
PL[ WR HQKDQFH WKH HQHUJ\






&REDOW PLQLQJ KDV QRWDEOH LPSDFW RQ KXPDQ KHDOWK GXH WR FDQFHUFDXVLQJ HOHPHQWV ZKLFKPD\ FDXVH
KHDUWGLVHDVHYLVLRQSUREOHPHWF)DUMDQDHWDOFRQGXFWHGWKHFRPSOHWHOLIHF\FOHDVVHVVPHQWRIFREDOW
H[WUDFWLRQ SURFHVV$FFRUGLQJ WR WKHLU VWXG\ FREDOW H[WUDFWLRQ LV KDUPIXO IRU HXWURSKLFDWLRQ DQGJOREDO





K\GURPHWDOOXUJ\ VWDJH WKH FHPHQWHG FDUELGH RUH LV GLJHVWHG ILOWUDWHG SUHFLSLWDWHG H[WUDFWHG XVLQJ
VROYHQWDQGILQDOO\FU\VWDOLVHG,QWKHS\URPHWDOOXUJ\VWDJH WKHRUHJRHVWKURXJKFDOFLQDWLRQK\GURJHQ







0DQJDQHVH LVDQHVVHQWLDOHOHPHQW IRUEDWWHULHV IHUWLOLVHUVDQGFKHPLFDOV0DQJDQHVH LVDZLGHO\XVHG
DOOR\LQJ HOHPHQW FRPHV LQ FRQMXQFWLRQ WR PDNH IHUURDOOR\V 7KH PDQJDQHVH DOOR\ LV SURGXFHG XVLQJ
PLQHUDO H[WUDFWLRQ KDXOLQJ RUH SUHSDUDWLRQ DQG EHQHILFLDWLRQ VLQWHULQJ DQG WUDQVSRUWDWLRQ VPHOWLQJ
FUXVKLQJ VFUHHQLQJ DQG UHILQLQJ:HVWIDOO HW DO FRQGXFWHG DQ/&$VWXG\EDVHGRQPDQJDQHVH DOOR\V
ZKHUHGDWDVHWVZHUHFROOHFWHG IURPRUHDQGDOOR\SURGXFHUV7KH DXWKRUV\KDYHFRQGXFWHGDFUDGOHWR
JDWH /&$ RI VLOLFRPDQJDQHVH IHUURPDQJDQHVH DQG UHILQHG IHUURPDQJDQHVH 7KH LPSDFW FDWHJRULHV
FRQVLGHUHGZHUH*:3$332&3ZDWHUDQGZDVWH7KHDQDO\VLVZDVGRQHXVLQJ&0/PHWKRG




WDQN VFUHHQLQJ FUXVKLQJJULQGLQJ DQGSDFNDJLQJ ,I LW LV3RUWODQGFHPHQW WKHQDIWHUFUXVKLQJ LW JRHV
WKURXJKSUHKHDWLQJURWDU\NLOQFRROLQJ]RQHFUXVKLQJJULQGLQJDQGSDFNDJLQJ 5XDQHWDODQDO\VHG WKH
/&$RIPDJQHVLXPR[LGHZKHUH WKH IXQFWLRQDOXQLWZDV WRQQH7KH\ VKRZHG WKDW0J2 KDV D ORZHU
LPSDFW RQ HFRV\VWHP DQG UHVRXUFHV EXW ODUJHU LPSDFW RQ KXPDQ KHDOWK 7KH DQDO\VLV ZDV GRQH XVLQJ
(FR,QGLFDWRU  PHWKRG 7KH\ FRQVLGHUHG ILYH GLIIHUHQW FDVH VFHQDULRV EDVHG RQ IRVVLO IXHO DQG UDZ
PDWHULDOFRQVXPSWLRQ5XDQDQG8QOXHU
6LOYHU PHWDO LV PRVW ZLGHO\ XVHG IRU LQGXVWULDO SXUSRVHV RU IRUPDNLQJ MHZHOULHV 7KHUH DUH YHU\ IHZ
VWXGLHVZKLFKDGGUHVVHGWKHHQYLURQPHQWDOLPSDFWRIVLOYHUPLQLQJSURFHVVHV)DUMDQDHWDODQDO\VHGWKH
HQYLURQPHQWDOEXUGHQVDVVRFLDWHGZLWKJROGVLOYHUOHDG]LQFFRSSHUEHQHILFLDWLRQSURFHVV)DUMDQDHWDO
E ,Q DQRWKHU VWXG\ WKH\ DQDO\VHG WKH HQYLURQPHQWDO LPSDFWV RI JROGVLOYHU UHILQLQJ RSHUDWLRQV
)DUMDQDHWDOG7KH\IRXQGWKDWVLOYHUEHQHILFLDWLRQDQGUHILQLQJKDYHOHDVWHQYLURQPHQWDOLPSDFWV
WKDQ JROG PLQLQJ SURFHVVHV DV WKH\ FRQVXPH OHDVW DPRXQW RI HOHFWULFLW\  +KRZHYHU WKHUH DUH VRPH
LPSDFWV LQ WKH FDWHJRULHVZKHUH WKH\ KDYH LPSDFW DUH HXWURSKLFDWLRQ JOREDOZDUPLQJ DQG HFRWR[LFLW\
)DUMDQDHWDOEG




FUDGOHWRJDWH WLWDQLXP R[LGHV SURGXFWLRQ ,OPHQLWH DQG UXWLOH ZHUH FRQVLGHUHG ZKHUH WKH JHRJUDSKLF
UHJLRQ FRQVLGHUHGZDV IRU$XVWUDOLD 7KH GDWDVHWV ZHUH FROOHFWHG IURP$XV/&, GDWDEDVH DQG 6LPD3UR







SURFHVV )DUMDQD HW DO
F
(XWURSKLFDWLRQ DQG JOREDO ZDUPLQJ
LPSDFWV DUH KLJKHU GXH WR HOHFWULFLW\
FRQVXPSWLRQ
$OWHULQJ WKHHOHFWULFLW\JHQHUDWLRQ








NHURVHQH WDLOLQJV ZDWHU DQG
HOHFWULFLW\
,Q IXWXUH LPSURYHPHQW LQ /&,






7KH HOHFWULFLW\ GHPDQG IXHO
FRQVXPSWLRQGXULQJVPHOWLQJZHUH WKH
SULPDU\FRQWULEXWRUVIRULPSDFW






DQG UHVRXUFHV EXW ODUJHU LPSDFW RQ
KXPDQKHDOWK
$Q H[WHQVLYH GDWDEDVH ZLWK
GHWDLOHG /&, VKRXOG EH EXLOW WR
FRQGXFW GHWDLOHG /&$ DQDO\VLV
0RUHRYHU UHGXFWLRQ RI FDUERQ
GLR[LGH HPLVVLRQV VKRXOG EH
DFKLHYHG
/&$ RI WLWDQLXP R[LGHV
LQ $XVWUDOLD 6KDKMDGL




HQHUJ\ FRQVXPSWLRQ DQG HOHFWULFLW\
XVH
(OHFWULFLW\ JULG PL[ KDYH
VLJQLILFDQW LPSDFW RQ WKH
HQYLURQPHQWDO LPSDFW DQDO\VLV





*ROGVLOYHU EHQHILFLDWLRQ KDV KLJKHVW
LPSDFWRYHUWKHRWKHUPHWDOV
0RGLILFDWLRQLQWKHHOHFWULFLW\JULG
PL[ WR HQKDQFH WKH HQHUJ\





*ROGVLOYHU UHILQLQJ IURP WKH FRXSOH




$OWHULQJ WKH VWDLQOHVV VWHHO
DOOR\LQJ SURSHUWLHV ZRXOG EH
EHQHILFLDOIRUVXVWDLQDELOLW\
 'LVFXVVLRQ





EDVHGRQPHWDO W\SH LW LVTXLWHHYLGHQW WKDW WKHFRPPRQUHDVRQ IRU ODUJHVWHQYLURQPHQWDO LPSDFW IURP
PLQLQJLVGXHWRHQHUJ\JHQHUDWLRQIRVVLOIXHOFRQVXPSWLRQIRUHQHUJ\DQGSURFHVVKHDWJHQHUDWLRQ)RU





H[WUDFWLRQ DQG HOHFWURZLQQLQJ LQ K\GURPHWDOOXUJ\ FDXVHV JUHDWHU HQYLURQPHQWDO LPSDFW UDWKHU WKDQ IRU
S\URPHWDOOXUJ\ GXH WR HOHFWULFLW\ IRVVLO IXHO XVH IRU KHDW JHQHUDWLRQ DQG VWHHO XVH *ROG PLQLQJ LV
LPSDFWIXOLQPLQLQJDQGFRPPLQXWLRQVWDJHGXHWRZHOOILHOGUHODWHGDFWLYLWLHV$JJORPHUDWLRQORDGLQJ
KDXODJHDQGRUHSURFHVVLQJLQLURQPLQLQJLVKDUPIXOWR WKHHQYLURQPHQW GXHWRWKHHPLVVLRQ RILQRUJDQLF
FKHPLFDOPDWHULDOV XVH RI HOHFWULFLW\ DQG XVH RI JULQGLQJPHGLD )URPPDJQHVLXP R[LGH SURGXFWLRQ
FDOFLQDWLRQVWDJHLVKLJKO\LPSDFWIXOWRZDUGVHQYLURQPHQWGXHWRIRVVLOIXHOXVDJHLQWKHIRUPRIFRDO)RU
QLFNHO SURGXFWLRQ SULPDU\ H[WUDFWLRQ QLFNHO UHGXFWLRQ DQG VPHOWLQJ DUH LPSDFWIXO GXH WR HOHFWULFLW\




FDXVH WKHJUHDWHVW HQYLURQPHQWDOLPSDFWRI XUDQLXPPLQLQJGXHWRHOHFWULFLW\XVDJHXVHRIFKHPLFDOVDQG
LQGLUHFWHPLVVLRQV,QVXPPDU\PLQLQJDQGH[WUDFWLRQVWDJHVPDGHWKHJUHDWHVW FRQWULEXWLRQLQFHPHQWHG
FDUELGH FRDO JROG WLWDQLXP R[LGHV DQG ]LQF SURGXFWLRQ 6PHOWLQJ DQG UHILQLQJ VWHSV FDXVH D KLJKHU
LPSDFWIRUDOXPLQLXPIHUURDOOR\QLFNHODQGPDQJDQHVHPLQLQJZKLFKDUHGXHWRVLJQLILFDQWDPRXQWRI
HOHFWULFLW\FRQVXPHGLQVPHOWLQJRSHUDWLRQ
)URPWKHGLVFXVVLRQSUHVHQWHGDERYHDQGLQ WDEOH  LW LVTXLWHHYLGHQWWKDWPRVWRI WKHHQYLURQPHQWDO
HPLVVLRQVIURPPLQLQJLQGXVWULHVDUHGXHWRHOHFWULFLW\FRQVXPSWLRQDQGIRVVLOIXHOXVDJHZKDWHYHUWKH
SURFHVV LV)RVVLO IXHOFDQEHRI WKH IRUP RI GLHVHORLOQDWXUDOJDVKHDY\ IXHORLO DQG UHVLGXDO IXHO RL
7KHVHIRVVLOIXHOVFDQEHXVHG IRUHOHFWULFLW\SURGXFWLRQSURFHVVKHDWJHQHUDWLRQDQGPHFKDQLFDOHQHUJ\
JHQHUDWLRQ $PRQJ WKHVH IRVVLO IXHO XVH FDQ EH UHGXFHG RU UHSODFHG E\ LQWHJUDWLQJ UHQHZDEOH HQHUJ\
UHVRXUFHV 5HQHZDEOH HQHUJ\ FDQ EH XVHG DV DQ DOWHUQDWLYH IXHO WR JHQHUDWH HOHFWULFLW\ RU WR SURGXFH
SURFHVV KHDW 6HYHUDO /&$ VWXGLHV DVVHVVHG WKH HQYLURQPHQWDO LPSDFW VFHQDULRZLWK WKH LQWHJUDWLRQ RI
UHQHZDEOH HQHUJ\ UHVRXUFHV LQ PLQLQJ LQGXVWULHV 7KHUH FRXOG EH UHSODFHPHQW E\ GLIIHUHQW W\SHV RI
UHQHZDEOHVHLWKHUSDUWLDOO\RUFRPSOHWHO\$QRWKHUPDMRUUHDVRQLV WKHHOHFWULFLW\ JULGPL[ZKLFKYDULHV
IURPRQHFRXQWU\WRDQRWKHU 7KHJULGPL[LVDFRPELQDWLRQRIIXHOVRXUFHVXVHGWRJHQHUDWHHOHFWULFLW\
$PRQJ WKH WKUHHPDMRUFRPSRQHQWV LQ/&$HOHFWULFLW\PL[ WHFKQRORJ\PL[DQGKHDWPL[ HOHFWULFLW\







$QRWKHU PDMRU SDUW LV WKH LQWHJUDWLRQ RI UHQHZDEOH UHVRXUFHV WR JHQHUDWH SURFHVV KHDW LQ PLQLQJ
5HJDUGLQJ VRODUHQHUJ\ WHPSHUDWXUHVEHORZ GHJUHH &HOVLXVFRXOGHDVLO\EHDFKLHYHG E\QRQ&67
QRQFRQFHQWUDWHGVRODUWKHUPDO WHFKQRORJLHV7HPSHUDWXUHVUDQJLQJEHWZHHQ GHJUHH WR GHJUHH




SURFHVVKHDWIRUGLIIHUHQWORZWHPSHUDWXUH PLQLQJRSHUDWLRQVZKLFKDOORSHUDWH EHORZ GHJUHH &HOVLXV
7KHDYDLODELOLW\RIVRODUHQHUJ\DOVRYDULHVGHSHQGLQJRQWKHODWLWXGHDQGORQJLWXGHLUUDGLDWLRQDQGPDQ\
RWKHUIDFWRUV1RWDOOPLQHUFRXQWULHVFRXOGKDYHWKLVUHQHZDEOHVRXUFHRIHQHUJ\
2WKHU WKDQ HQHUJ\ LQWHJUDWLRQ WKHUH DUH VRPH WHFKQRORJLFDO IDFWRUV ZKLFK DIIHFW WKH HQYLURQPHQWDO
LPSDFWVRIPLQLQJSURFHVVHV² WKH PRVWLPSRUWDQWIDFWRUZKLFKZDVGLVFXVVHG LQDOPRVWHYHU\SDSHUWKDW
RUHJUDGHHIIHFWVODUJHO\RQHQYLURQPHQWDOEXUGHQVDVVRFLDWHGZLWKPLQLQJ7KHGHHSHUZRXOGWKHPLQLQJ



































'XVW*:3$3 0LQLQJ GXH WR HOHFWULFLW\ XVDJH GLHVHO RLO FRQVXPSWLRQ
IRVVLOIXHOXVHRIVWHHODQGKHDW
&RSSHU (NPDQ












*ROG &KHQ HW DO *:30' 0LQLQJDQGFRPPLQXWLRQZHOOILHOGUHODWHGDFWLYLWLHVGXH















$JJORPHUDWLRQ ORDGLQJ DQG KDXODJH RUH SURFHVVLQJ










1LFNHO .KRR HW DO
 0LVWU\ HW DO

*+* 3ULPDU\ H[WUDFWLRQ QLFNHO UHGXFWLRQ DQG VPHOWLQJ GXH WR
HOHFWULFLW\XVDJHFRDOFRQVXPSWLRQWRSURGXFHVWHDP
5DUH HDUWK HOHPHQW




















+LVDQ )DUMDQD HW DO
E +DTXH DQG
1RUJDWH 
1RUJDWH HW DO 
3DUNHUHWDO
*+* )XHOHQULFKPHQWZHOOILHOGUHODWHGDFWLYLWLHVOHDFKLQJGXH









WKH OLWHUDWXUH DLPV WR DQDO\VH WKH H[LVWLQJ OLWHUDWXUH RQ WKH OLIH F\FOH HQYLURQPHQWDO LPSDFW DQDO\VLV RI
PHWDOPLQLQJLQGXVWULHV6L[WHHQPHWDOPLQLQJLQGXVWULHVDUHLGHQWLILHG ZKLFKKDYHWKHVLJQLILFDQWUHVHDUFK
RXWSXWWKDWTXDQWLILHGWKHHQYLURQPHQWDOHIIHFWVEDVHGRQ/&$PHWKRGV$FRPSUHKHQVLYHFRPSLODWLRQRI
WKHSXEOLVKHGZRUN LV EHLQJFDUULHG RXW DQDO\VHG FRPSDUHG WKH LPSDFWIXOPLQLQJPDWHULDOV SURFHVVHV
ZKLFK DUH HQHUJ\ LQWHQVLYH WKXV KDUPIXO IRU JOREDO HQYLURQPHQWDO VXVWDLQDELOLW\ $FFRUGLQJ WR WKH
ILQGLQJVSUHVHQWHGLQRIWKLVSDSHUPLQLQJDQGH[WUDFWLRQVWDJHVPDGHWKHQRWDEOHJUHDWHVW FRQWULEXWLRQLQ
FHPHQWHG FDUELGH FRDO JROG WLWDQLXP R[LGHV DQG ]LQF SURGXFWLRQ ,Q DGGLWLRQ $OVR VPHOWLQJ DQG
UHILQLQJ VWHSV FDXVH D FRQVLGHUDEOH DPRXQW RI KLJKHU LPSDFW IRU DOXPLQLXP IHUURDOOR\ QLFNHO DQG
PDQJDQHVHPLQLQJZKLFK DUH GXH WR VLJQLILFDQW DPRXQW RI HOHFWULFLW\ FRQVXPHG LQ VPHOWLQJ RSHUDWLRQ
7KLV SDSHU DOVR VXPPDULVHV WKH NH\PHWKRGV RI OLIH F\FOH DVVHVVPHQWZKLFK ZHUH XWLOLVHG IRUPLQLQJ
LQGXVWULHV/LPLWDWLRQVRIWKHVHVWXGLHVZRUNVDQGIXWXUHUHFRPPHQGDWLRQWRLPSURYHWKHHQYLURQPHQWDO
VXVWDLQDELOLW\DUHDOVRSUHVHQWHG7KHPRVW LPSRUWDQWFKDOOHQJH LV WKH UHSODFHPHQW RIHQHUJ\JHQHUDWLRQ
UHVRXUFHV E\ UHQHZDEOHV ZKLFK FRXOG VLJQLILFDQWO\ UHGXFH WKH JURVV HQHUJ\ UHTXLUHPHQWV DQG JOREDO
ZDUPLQJSRWHQWLDOWRDFKLHYHWKHVXVWDLQDELOLW\JRDOVIRU
,QVXPPDU\WKHUHDUH VRPH PDQ\OLPLWDWLRQVDQG IXWXUHUHFRPPHQGDWLRQVRQWKHLUEDVLVIRFXVHGRQ/&$
WHFKQLTXHV DQG PHWKRGV DV IROORZV  ZKLFK VKRXOG EH EURXJKW XQGHU WKH IRFXV RI DWWHQWLRQ RI WKH
VFLHQWLILF FRPPXQLW\IRUWKHEHWWHUPHQWRIWKHIXWXUH HQYLURQPHQW7KHNH\SRLQWVDUH
D 'HYHORSPHQW RI JOREDO /&$ PHWKRG ZKLFK ZRXOG EH DSSOLFDEOH LUUHVSHFWLYH RI WKH JHRJUDSKLF
UHJLRQRIWKHPLQLQJ FRPSDQ\






$FFRUGLQJ WR WKH DQDO\VLV UHVXOWV SUHVHQWHG LQ WKLV VWXG\ LW LV HYLGHQW WKDW WKH PLQLQJ LQGXVWU\ LV
VLJQLILFDQWO\FRQVLGHUDEO\ DIIHFWLQJ JOREDOZDUPLQJ SRWHQWLDO DQG KXPDQ KHDOWK FDUFLQRJHQLF DQG QRQ
FDUFLQRJHQLF7KHIROORZLQJPHDVXUHVFRXOGEHDGRSWHG IRUVLJQLILFDQWUHGXFWLRQLQWKHHPLVVLRQGXULQJ
WKHPLQLQJSURFHVVHV
D 5HSODFHPHQW RI HOHFWULFLW\ JHQHUDWLRQ VRXUFHV E\ UHQHZDEOHV LV RI SDUDPRXQW LPSRUWDQFH
UHTXLUHG 7KH FKRLFH RI UHQHZDEOH HQHUJ\ UHVRXUFH ZRXOG EH GHSHQGHQW RQ WKH JHRJUDSKLF
ORFDWLRQRIWKHPLQHDYDLODELOLW\RIHQHUJ\UHVRXUFHVDQGWKHFDSLWDOFRVWRIUHSODFHPHQW
E 3URFHVV KHDW JHQHUDWLRQ VRXUFHV FRXOG EH DOWHUHG E\ UHQHZDEOHV 0LQLQJ SURFHVVHV VKRXOG EH
FODVVLILHG DV LQ WHUPV RI KHDWLQJ QHHGV DV ORZWHPSHUDWXUH PHGLXP WHPSHUDWXUH DQG KLJK
WHPSHUDWXUHSURFHVVKHDWDSSOLFDWLRQV)ROORZLQJ WKDW WKHIHDVLELOLW\RISURFHVVKHDWLQWHJUDWLRQ
VKRXOGEHDVVHVVHGDSSURDFKLQJWRZDUGVWKHSUDFWLFDOLQWHJUDWLRQ
F 6RXUFLQJKLJKJUDGH ,QFUHDVLQJ WKHPLQLQJRUH JUDGHZRXOGEHEHQHILFLDO IRU WKH HQYLURQPHQW
ZKLFKZLOOFRQVXPHOHVVHQHUJ\LQWKHIRUPRIHOHFWULFLW\DQGKHDW DQGOHVVHTXLSPHQWWRH[WUDFW
PLQHGRUH,QFUHDVLQJWKHRUHJUDGHZRXOGDOVRGHFUHDVHWKHFKDQFHRIDFLGUDLQ
G 'HFUHDVLQJ WKHXVHRI LQRUJDQLFFKHPLFDOV IRU OHDFKLQJRU LQFUHDVLQJ WKHHIILFLHQF\RI OHDFKLQJ
SURFHVVHV ZRXOGEHEHQHILFLDO WRUHGXFH WKHKXPDQKHDOWK LPSDFWVERWKFDUFLQRJHQLFDQGQRQ
FDUFLQRJHQLF
1RPHQFODWXUH
7HUP 'HVFULSWLRQ
$3 $FLGLILFDWLRQ
&& &OLPDWHFKDQJH
&(' &XPXODWLYHHQHUJ\GHPDQG
&(7(0 &HQWHUIRUPLQHUDOWHFKQRORJ\GDWDEDVH
&6,52 &RPPRQZHDOWK6FLHQWLILFDQG,QGXVWULDO5HVHDUFK2UJDQL]DWLRQ
&0/ &HQWHUIRUPHWKRGRORJLFDOGHYHORSPHQW
&67 &RQFHQWUDWHGVRODUWKHUPDOWHFKQRORJ\
'1L 'LUHFW1LFNHOPHWKRG
(',3 (QYLURQPHQWDO'HVLJQRI,QGXVWULDO3URGXFWV
(8 (XWURSKLFDWLRQ
)(8 )UHVKZDWHUHXWURSKLFDWLRQ
))' )RVVLOIXHOGHSOHWLRQ
):( )UHVKZDWHUHFRWR[LFLW\
*(5 *URVVHQHUJ\UHTXLUHPHQWV
*:3 *OREDOZDUPLQJSRWHQWLDO
++ +XPDQKHDOWK
+3$/ +LJKSUHVVXUHDFLGOHDFKLQJ
+7 +XPDQWR[LFLW\
,$, ,QWHUQDWLRQDO$OXPLQXP,QVWLWXWH
,3&& ,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJH
,/&' ,QWHUQDWLRQDO5HIHUHQFH/LIH&\FOH'DWD6\VWHP
,62 ,QWHUQDWLRQDO2UJDQL]DWLRQIRU6WDQGDUGL]DWLRQ
/&$ /LIHF\FOHDVVHVVPHQW
/&$3UR /LIHF\FOHDVVHVVPHQWVRIWZDUHQDPH
/&, /LIHF\FOHLQYHQWRU\
0( 0DULQHHXWURSKLFDWLRQ
07 0HJDWRQQH
1RQ&67 1RQ FRQFHQWUDWHGVRODUWKHUPDOWHFKQRORJ\
2'3 2]RQHGHSOHWLRQSRWHQWLDO
32&3 SKRWRR[LGDQW FUHDWLRQSRWHQWLDO
30) 3DUWLFXODWHPDWWHUIRUPDWLRQ
7$3 7HUUHVWULDODFLGLILFDWLRQ
86*6 86*HRORJLFDO6XUYH\GDWDEDVH
:' :DWHUUHVRXUFHGHSOHWLRQ
:02 :RUOG0HWHRURORJLFDO2UJDQL]DWLRQ
:63 :DWHUVFDUFLW\SRWHQWLDO
NJ&2 HT &DUERQGLR[LGHHTXLYDOHQW
5HIHUHQFHV
-5&,IRUWKH(DQG6LQWKH(&-5&,/&'KDQGERRN
+WWS/FW-UF(F(XURSD(X$VVHVVPHQW$VVHVVPHQW3URMHFWVKWWSVGRLRUJ
$FHUR$$35RGUtJXH]&&LURWK$/&,$PHWKRGV,PSDFWDVVHVVPHQWPHWKRGVLQ/LIH&\FOH
$VVHVVPHQWDQGWKHLULPSDFWFDWHJRULHV±
$GLDQV\DK-6+DTXH15RVDQR0%LVZDV:$SSOLFDWLRQRIDOLIHF\FOHDVVHVVPHQWWR
FRPSDUHHQYLURQPHQWDOSHUIRUPDQFHLQFRDOPLQHWDLOLQJVPDQDJHPHQW-(QYLURQ0DQDJH
±KWWSVGRLRUJMMHQYPDQ
$OWKDXV+&KXGDFRII0+LVFKLHU5-XQJEOXWK12VVHV03ULPDV$+HOOZHJ6/LIH
F\FOHLQYHQWRULHVRIFKHPLFDOV(FRLQYHQWGDWDY6ZLVV&HQWUHIRU/LIH&\FOH,QYHQWRULHV±
$OWKDXV+-&ODVVHQ0/LIHF\FOHLQYHQWRULHVRIPHWDOVDQGPHWKRGRORJLFDODVSHFWVRI
LQYHQWRU\LQJPDWHULDOUHVRXUFHVLQHFRLQYHQW,QW-/LIH&\FOH$VVHVV±
KWWSVGRLRUJOFD
%DUW]DV*.RPQLWVDV./LIHF\FOHDVVHVVPHQWRIIHUURQLFNHOSURGXFWLRQLQ*UHHFH5HVRXU
&RQVHUY5HF\FO±KWWSVGRLRUJMUHVFRQUHF
%XUFKDUW.RURO'/LIHF\FOHDVVHVVPHQWRIVWHHOSURGXFWLRQLQ3RODQG$FDVHVWXG\-&OHDQ
3URG±KWWSVGRLRUJMMFOHSUR
%XUFKDUW.RURO')XJLHO$&]DSOLFND.RODU].7XUHN00RGHORIHQYLURQPHQWDOOLIHF\FOH
DVVHVVPHQWIRUFRDOPLQLQJRSHUDWLRQV6FL7RWDO(QYLURQ±
KWWSVGRLRUJMVFLWRWHQY
&KHQ:*HQJ< +RQJ-'RQJ+&XL;6XQ0=KDQJ4/LIHF\FOHDVVHVVPHQWRIJROG
SURGXFWLRQLQ&KLQD-&OHDQ3URG±KWWSVGRLRUJMMFOHSUR
&RUWH]/XJR05LRMDV5RGUtJXH]+0RUHQR0DFtDV+0RQWHV65RGUtJXH]$JXGHOR<
+HUQiQGH]%RQLOOD'&DWDOiQ9i]TXH]0'tD]*RGR\55RGUtJXH]'R]DO6
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